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IMPORTANT ANNOUNCEMENT 


THE present number is the first of volume 8 of British Medical 
Bulletin, and in it certain changes are introduced which have 
been necessitated by the further need for economy and in an 
endeavour to offset the rising cost of production. 

The price of the Bulletin is increased to 7s. 6d. (single 
number) and 12s. 6d. (double number). The subscription to 
the complete volume will be £1 5s. 

The other main changes are the omission of the list of 
chapter titles at the head of book reviews, and of the Guide to 
the Journals. We greatly regret the necessity for these changes 
but it will be appreciated by our readers that they are due to 
circumstances beyond our control. 

The Guide has been a regular feature of the Bulletin since 
volume 2 and has provided a continuous record of the contents 
of all important British medical journals from January. 1944 
onwards. Overseas readers who require details of British 
medical publications on a particular subject are invited to 
address enquiries to the Medical Library, The British Council, 
65 Davies Street, London, W. 1, where a bibliographical and | 
information service is maintained. 
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Introduction 


: The story of the life-cycles of the malaria parasites of man is as romantic as it is interesting. 
This story has now ranged over some seventy years, and has been marked by periods of quiescence, 
punctuated by episodes, enlivened by controversies, and distinguished by personalities. It has 
been recounted before but not so far in its entirety, inasmuch as some recent discoveries have 
controverted many preconceived ideas and beliefs. Even now, as the distinguished contributors 
to this symposium will relate, there is much yet to be learned. 

The idea, though vague and nebulous, that insects might be the cause of disease in man had 
long constituted a form of belief amongst the aboriginal inhabitants of India, Central Africa and 
South America. Ancients, such as Varro in 36 B.c. and Columella in A.D. 100, had set their 
theories in writing ; the latter going so far as to assert that marshes bred mosquitoes which were 
armed with stings and that these insects might even convey diseases by their bites. 

Centuries later, in 1848, Nott of Mobile, USA, refers to the transmission of malaria with 
assurance, as if the mosquito theory had already been established, though in 1854 Beauperthuy 
was still only suggesting that mosquitoes were necessary for the carriage of yellow fever, stipulating 
that both it and malaria did not occur wherever these insects were absent. The suggestive and 
‘ original observations of Carlos Finlay of Havana in 1881, although referring to yellow fever, 

nevertheless stimulated the aims of epidemiologists in that direction. But it was not till Patrick 

Manson in 1879 demonstrated the life-history of Filaria bancrofti in a culex mosquito (Culex 

fatigans) that this subject was placed upon a sound scientific basis: that is to say, it was rescued 

from the stuff that dreams are made on, and brought into the realm of actually observed facts. 
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In order to make this history clearer some account 
should be given of the logical deductions which sub- 
sequently turned Manson’s thoughts to the transmission 
of malaria. These have not always been as well under- 
stood or appreciated as they should be. The first may 
be said to be his establishment of nocturnal periodicity 
in his experiments on his gardener, Hui To, and his 
appreciation of the fact that the microfilaria, or what was 
then known as F. sanguinis hominis, was an embryo 
contained in an enveloping and restraining sheath, 
which hampered its activities in the blood-stream and 
which was shed the moment that the blood was cooled 
and congealed. The contained embryo, thus liberated, 
swam away with vigorous movements as if seeking an 
exit from the human body. Manson reinforced his 
arguments by the observation that the embryo filaria 
possessed neither mouth nor anus, nor indeed any organs 
of digestion or assimilation. The correlation of the 
exact time of appearance of the embryos in the peripheral 
blood with the nocturnal feeding-habits of the common 
brown mosquito of Amoy, C. fatigans, led him to fore- 
cast that this insect might act as a carrier of the filaria— 
a surmise he proved to be correct by his experiments. 
He did not fully appreciate at this time, however, that 
the parasite could be reintroduced to the body of man by 
the bite of the mosquito. 

When we come to the discovery of the malaria parasite 
and try to obtain a general idea of the chronology of 
events, we must remember that in 1879, at the time when 
Manson’s discovery was made public, Klebs and Tom- 
masi-Crudeli had described what they called the bacillus 
of malaria and had obtained a wide credence for this 
discovery. The great and actual discovery of the true 
parasite was made by Alphonse Laveran, a French 
army surgeon, on 6 November 1880 at Constantine in 
Algeria. It was in some degree a chance affair. He 
happened to be examining the blood of a malaria patient 
and, whilst observing certain pigmented hyaline bodies, 
he was fortunate enough to see several long flagella, like 
the arms of some minute octopus, extrude from them and 
lash about in the blood. By this token he realized that 
the object was indeed a living creature and that it was 
normally an endocorpuscular parasite. On showing 
his preparations to Italian malariologists, especially to 
Marchiafava, he found that they were sceptical as they in- 
terpreted the filaments as heat products of the red cor- 
puscles. At this juncture Laveran’s original discovery 
was confirmed by Richard in 1882 at Philippeville, Algiers. 

On looking back, however, we find that Meckel in 
1847 had described pigment in the blood and organs of a 
patient who had died of malaria. In his paper he writes 
of “irregular granules united by a colourless substance 
to a globular, egg-shaped body” which it is possible 
today to recognize as the crescent of Plasmodium falci- 
parum. Virchow later confirmed these findings. It is 
only in recent years that an observant reader revealed 
that Delafield in 1872, in his Handbook of post-mortem 
examination and of morbid anatomy, wrote thus of 
malarial fevers : 
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We find the most constant lesion is the presence of little 
particles of black or reddish pigment in the blood. The pigment 
is in the form of flakes or of granules embedded in small, irregular, 
transparent, finely granular bodies . . . 


but even then he did not claim to recognize them as 
parasites. 

The era of the clarification of the transmission of 
malaria was clouded by divergent opinions ; the specu- 
lations of many were diverted by the idea that, though 
mosquitoes might be concerned with the spread of the 
disease, man became infected by drinking water in which 
these insects had died. Laveran held this view, though 
it is said that Koch suggested to Pfeiffer that infection 
might occur by the bite or sting of an insect. It is well 
known that in 1883 King put forward a strong thesis that 
mosquitoes were vectors of malaria, adducing some 
nineteen points in its favour, but it is only recently that 
medical historians have become aware of a remarkable 
prediction made by Pfeiffer in 1892 in which he compared 
the development of the malaria parasite with that of the 
coccidium. He suggested the possibility of a cycle 
outside the human body, perhaps in some lower animal, 
such as certain insects; but certain it is that neither 
Manson, Ross nor the Italian malariologists were familiar 
with this idea at the time. In 1893 Smith and Kilborne 
were the first to describe the transmission of protozoal 
parasites and arthropods in the case of Piroplasma bovis 
or the “ red-water” fever of cattle which is carried by 
ticks. : 

Nevertheless, the publication of Manson’s mosquito- 
malaria hypothesis in 1894 must be regarded as the 
turning-point of the older ideas and the start of new ones. 
In it, with cool logic and cogent argument, Manson 
drew an analogy between the transmission of malaria and 
that of the filaria. He considered the flagellated form 
of the malaria parasite as the first phase in its extra- 
corporeal existence. He suggested that the flagellum, 
on breaking away from the parent parasite, entered the 
stomach cells of the mosquito and there underwent some 
nebulous form of development. Hence his advice to 
Ross, constantly reiterated: “* Follow the flagellum ”. 
April of that year saw the commencement of his associa- 
tion with Ronald Ross in India, which lasted for the next 
four years and was graced by a series of letters, the like of 
which few men have ever received. On 20 August 1897 
Ross discovered pigmented oocysts in the stomach wall 
of dapple-winged mosquitoes (Anopheles stephensi). 
The preparations were sent to Manson in London who 
confirmed his findings and cabled back: “ You are now 
on the right track at last’. Ross then accepted Manson’s 
proffered advice to work with bird malaria so that the 
complete and complex cycle was worked out on the 
malaria-like proteosoma of sparrows (P. praecox or 
relictum) and the liberated sporozoites were traced to the 
salivary glands of the mosquito (C. fatigans). Local 
prejudice against the use of human subjects proved to 
be so intense that he was unable to complete his investi- 
gations on the transmission of human malaria at that 
time. 
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A tremendous stimulus was afforded to Ross by 
MacCallum’s discovery in 1897 that the “ flagellum ” 
actually represented a spermatozoon which fertilized the 
female gametocyte, a process which he witnessed when 
working with the halteridium of birds as well as with 
human malaria parasites. This information, vital to the 
malaria story, was transmitted to Ross by Manson. 
Ross always gave due credit to Manson for his share in 
these historic investigations. He concluded his famous 
report in the following words : 

These observations prove the mosquito theory of malaria as 
expounded by Dr. Patrick Manson, and, in conclusion, I should 
add that I have constantly received the benefit of his advice 
during this enquiry. His brilliant induction so accurately 
indicated the true line of research that it has been my part 
merely to follow its direction. 

Again, in his Nobel Prize essay of 1902 he ends with the 
statement : 

This [the fundamental part of Manson’s hypothesis] was more 
than a hypothesis ; it was a great and illuminating induction. 
It gave the required clue for further research; and without it I 
am convinced that the malaria problem would not have been 
solved at all, and we should still be engaged in a laborious 
search for the parasites in water and in air. . 

When once the results with bird malaria became more 
generally known, it was not difficult for others to follow 
in line. Thus, in 1898, the Italian workers, Bastianelli, 
Bignami and Grassi, by experimenting on human cases, 
observed pigmented oocysts in anopheline mosquitoes 
fed in Rome on a patient harbouring crescents in the 
blood and they succeeded also in infecting a volunteer 
with malaria by mosquito bites in that city. Later also, 
in that same year, these workers observed the complete 
development of P. falciparum in A. maculipennis. In 
1900 Grassi (who had no medical training) published his 
magnificently illustrated monograph on the transmission 
of malaria, which obviously must have taken a very long 
time to complete. In view of the unfortunate disagree- 
ments which have raged around this subject in subsequent 
years and the heated controversy between Ross and 
Grassi, it is necessary that these facts should be made 
clear. In 1900 Manson clinched the subject of the 
transmission of malaria, in the popular eye, by exposing 
his son, P. T. Manson, in London to the bites of anopheline 
mosquitoes infected in Rome by Grassi. Also in the 
same year he organized the converse of this experiment 
by the erection of a mosquito-proof hut in Ostia, in the 
Roman Campagna, in which three of his pupils lived 
during the most malarious months, July to October, 
without contracting malaria. 

At this point we may state that a most important and 
interesting chapter in scientific discovery drew to its 
close. 

During the years which succeeded the great discovery 
much energy was expended upon prophylactic measures, 
and hopes were entertained that some means of protective 
inoculation against malaria might be evolved, as had 
already been done in typhoid fever. In 1912 Bass and 
Johns succeeded in cultivating malaria parasites and, 
especially in the case of P. falciparum, were able to pro- 
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pagate them through three generations of schizogony 
Unfortunately subcultures are difficult to maintain and 
the method has proved disappointing, though it has been 
used for the preparation of malaria antigens, for com- 
plement fixation reactions and for studies on metabolism. 
Recent work on tissue culture of plasmodia and on the 
metabolism of malaria parasites is described in the articles 
by Frank Hawking and by J. D. Fulton in this issue. 
Probably the greatest single factor in advancing 
knowledge during the last thirty years has been the 
introduction of therapeutic malaria, by which means it 
has been possible to utilize human beings as test subjects. 
We are indebted to Julius Wagner-Jauregg, a Viennese 
physician, who in 1887 had observed that febrile illnesses 
might favourably influence nervous conditions, especially 
pareses. He made further studies during the next thirty 
years, and in 1917 began to treat soldiers suffering from 
general paralysis of the insane by means of blood 
inoculation with malaria. Remarkable improvements 
were recorded in the mental condition of the patients and 
they became apparently more amenable to subsequent 
antisyphilitic therapy. This malaria therapy opened up 
a wide field of research, clinical as well as therapeutic, 
and many important deductions were made which have 
resulted in great advances in our knowledge of malaria. 
These are fully discussed later in this number in the two 
articles by Sir Gordon Covell & W. D. Nicol and by 
P. G. Shute. As they relate, in 1925 a malaria research 
laboratory was established at the Horton Mental Hos- 
pital, Epsom, near London, under the capable direction 
of S. P. James, and soon others on the same model were 
organized in Italy, Holland, Roumania and the USA. 
To James’s experienced eye there soon appeared 
various discrepancies between the artificially produced 
inoculated malaria and what he had observed in naturally- 
acquired infections during his long and varied experience 
in India. First and most striking was the extraordinary 
and immediate therapeutic response to small doses of 
quinine in contrast to the much larger quantities neces- 
sary to control the mosquito-conveyed disease. In 1924 
Warrington Yorke and Scott Macfie had made the same 
observation, and had pointed out that the incubation 
period of blood-inoculated malaria was much shorter 
than the ten-day or longer incubation period of the 
naturally-acquired disease. There were many specu- 
lations with regard to the correct explanation of these 
anomalies. James, in 1931, thought it probable that the 
sporozoites, after their entry into the skin, were held up 
in some manner prior to boring into the red blood 
corpuscles. Grassi in 1900 had suggested a develop- 
mental cycle in the body of man, but abandoned this 
theory after Schaudinn’s account. Schaudinn in 1902 
had claimed to have observed the entry of the sporozoites 
of benign tertian malaria into the red blood corpuscles 
on no less than seven occasions and that, by continuous 
observations, he had traced their growth and develop- 
ment into schizonts in that situation. His work had 
been generally accepted and his diagrams appeared 
henceforward in every book dealing with malaria for the 





next 45 years; but in the meantime Schaudinn’s experi- 
ments had been repeated by others with invariably 
negative results. It therefore became evident that 
Schaudinn, who had the reputation of being able to 
watch continuously for 48 hours through his microscope, 
must have nodded in the night. 

The next stage in the evolution of our knowledge came 
from a study of the malaria-like parasites of the lower 
animals, mainly from bird malaria, and is an example of 
how an impetus to medicine may be derived from what 
might have been labelled as dilettante studies by zealous 
protozoologists. Pigmented parasites in the blood 
corpuscles of birds were described by Danilewsky in 
1888, but Grassi and Feletti in 1890 were the first to 
recognize that there occurred in birds a true malaria 
parasite which they called Haemamoeba praecox to 
distinguish it from halteridium (Haemoproteus). This is 
now known as P. relictum and was, as previously stated, 
the species employed by Ross in his historic work on the 
transmission of bird malaria. Since that time some 14 
species of Plasmodium have been described in birds. Of 
these undoubtedly the most important is P. gallinaceum 
which was identified by Brumpt in 1935. Originally a 
parasite of the Ceylon jungle fowl (Gallus lafayetti), it 
was found in some semi-domesticated birds reared in 
Ceylon. It proved easily inoculable into domestic fowls, 
especially chicks, in which it produces a severe infection. 
A study of this species, which is easily maintained in the 
laboratory, has led to the modern conception of the life- 
history of the malaria parasite as well as to notable 
advances in therapeutics. A number of malaria-like 
parasites have also been discovered in bats, monkeys and 
recently one (P. berghei) in a rodent (tree-rat). 

In 1937 James and Tate described a tissue or exoery- 
throcytic cycle in P. gallinaceum, a parasite closely 
related to human plasmodia. The conception of this 
cycle received a further stimulus from the work of 
Raffaele, and, independently, of Kikuth and Mudrow 
on P. cathemerium and P. relictum (maintained in cana- 
ries). They demonstrated that the sporozoites from the 
mosquito (Aédes aegypti) entered the endothelial cells of 
blood-vessels in the internal organs. Non-pigmented 
merozoites were produced within the cells and persisted 
for several generations. In 1940 Shortt, Menon and 
lyer first described the pre-erythrocytic stage of bird 
malaria in P. gallinaceum. In 1943 Reichenow and 
Mudrow in Germany and, in the following year, Huff 
and Coulston in the USA showed conclusively that 
sporozoites injected into the skin of chicks were taken up 
by macrophage cells and transported to the spleen and 
other internal organs where they underwent the exoery- 
throcytic (E.E.) cycle for three to four generations before 
the cryptomerozoites were able to penetrate the red 
blood-cells and there initiate the erythrocytic cycle. 
The E.E. forms of the plasmodia of the bat were demon- 
strated in the endothelial cells of the liver by Manwell in 
1947 in Pteropus gouldi and in the same year by Mer and 
Goldblum in a bat in Iraq. Garnham in 1947 found 
cysts in the liver of monkeys (Cercopithecus) with a blood 


infection of what was known as P. kochi. This indicated 
that the liver in mammals might prove to be the seat of 
the E.E. cycle. 

The scent was now becoming hotter than ever for in 
1948 Shortt, Malamos and Garnham, working with 
P. cynomolgi—a malaria-like parasite of monkeys which 
is closely related to P. vivax of man—and employing a 
novel technique consisting in the injection of very large 
numbers of ground-up infected anophelines (A. maculi- 
pennis) containing sporozoites to supplement biting by 
these mosquitoes, were able to demonstrate large plasmo- 
dial masses in the liver of the monkey, which represented 
the long-sought pre-erythrocytic schizonts and were 
filled with merozoites (cryptomerozoites). At this stage 
it had now become a moral certainty that a similar cycle 
could be demonstrated in human malaria whenever an 
opportunity should occur. 

In human malaria man himself constitutes the only 
laboratory animal, and much credit is due to those 
volunteers who submitted themselves to these experi- 
ments. The results are seen in the classical researches of 
Hamilton Fairley and his associates of the Malaria 
Research® Unit at Cairns, Queensland, in 1945. The 
most pregnant and crucial observation was the demon- 
stration that sporozoites injected by infected mosquitoes 
could be recovered from the blood for only 7-30 minutes 
after the infecting bite, and that thereafter a non-infective 
period of eight days might ensue, in the case of P. vivax, 
or of five to six days in P. falciparum, before it again 
became possible to reproduce malaria in a. normal 
individual by blood inoculation. This most certainly 
indicated that the parasites had been locked away in 
some organ during this silent period. A few months 
elapsed before Shortt, Garnham, Covell and Shute were 
able to demonstrate the E.E. cycle in P. vivax in the liver 
of a human volunteer, who consented to a liver biopsy, 
under anaesthesia, some seven days after a massive 
infection with sporozoites. In 1949 the same team, with 
the addition of Fairley, were successful in proving the 
same cycle in the liver in the case of P. falciparum; 
the prediction of Fairley as regards the time factor of 
five days proved to be correct. The cryptoschizonts are 
larger than those of P. vivax, containing many more 
small cryptomerozoites which, on being released, enter 
the erythrocytes and commence the new erythrocytic 
cycle. It only remains to explain that the mechanism of 
malarial relapses is brought about by the re-entry of 
cryptomerozoites into other healthy liver cells in which 
they multiply and thus constitute, so to speak, a reservoir 
of infection. All these stages will be more minutely 
described in the articles in this symposium by H. E. 
Shortt and by P. C. C. Garnham. 

Thus for the time being this fascinating story of the 
peregrinations of the malaria parasite within the human 
body has come to a temporary halt. 

But much yet remains to be done. As B. G. Mae- 
graith, in a thoughtful article, points out, the amount of 
information regarding the pathological processes con- 
cerned in malaria is depressingly meagre. 
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Space does not permit anything but a passing reference 
to the amazing advances that have been made in insect 
control by the introduction of such insecticides as DDT 
and gammexane (benzene hexachloride), by whose agency 
malaria has been swept away from Cyprus, Sardinia, 
British Guiana and many other places. A detailed 
account, by M. A. C. Dowling, of the recent campaign in 
Mauritius appears in the second part of this Bulletin, and 
in the article by C. B. Symes, in the main part, recent 
progress in malaria control is reviewed. The relationship 
of control to immunity and the interesting and contro- 
versial problems of hyperendemic malaria are discussed 
by Professor Macdonald in his article on the community 
aspects of immunity to malaria. 

This introduction cannot end without some reference 
to the even more wonderful advances in therapeutics : to 


the introduction of the antimalarial synthetics—plasmo- 
quine, atebrin, chloroquine, paludrine, etc.—all of which 
are discussed in the authoritative article by D. G. 
Davey, while in a complementary article by Ann Bishop 
the important problem of drug-resistance in malaria is 
discussed. 

It will thus be appreciated that the epic story of the 
fight against malaria, as it has been so far revealed by the 
toil of men of many nations—amongst whom British 
workers have played no small part—rivals in its com- 
plexity and variety that of almost any other field of 
medicine. The battle has been long and arduous, but 
brilliant victories have been won against this age-old 
disease, which since the days of Greece and Rome has 
been recognized as one of the most unrelenting foes of 
mankind. 

Philip Manson-Bahr 


THE EDITOR wishes to acknowledge the valuable help given by Dr P. C. C. Garnham of 
the London School of Hygiene and Tropical Medicine, University of London, in the planning 


of the Symposium of this number. 


Notes on Contributors 


Dr ANN BisHopP is a member of the staff of the Medical Research 
Council, working at the Molteno Institute, Cambridge. She was 
educated at the University of Manchester and Girton College, 
Cambridge. She worked upon the biology of parasitic protozoa 
at the National Institute for Medical Research, London (1926-29), 
and at the Molteno Institute as a Beit Memorial Fellow (1929-32) 
and Yarrow Fellow of Girton College (1932-37). In 1937 she began 
to study the chemotherapy of malaria on behalf of the Medical 
Research Council and became a member of the Council’s staff in 
1942. Since 1947 she and her co-workers have been interested in 
problems of drug-resistance in malaria. Dr Bishop is a Research 
Fellow and Governor of Girton College, a Fellow of the Royal 
Society of Tropical Medicine, and a member of the Society of Ex- 
perimental Biology and of the Society of General Microbiology. 
She has published many papers upon protozoology and chemo- 
therapy. 


Sir GORDON COVELL is Director of the Malaria Reference Labora- 
tory, Horton Hospital, Epsom, Surrey, and adviser on malaria to 
the Ministry of Health. He graduated in medicine at Guy’s Hospi- 
tal, London, and from 1914 to 1947 he was in the Indian Medical 
Service, retiring from it with the rank of major-general. He was 
Director of the Malaria Institute of India from 1936 to 1947, and 
Consultant Malariologist, GHQ India, during the Second World 
War; in 1939 he was made Companion of the,Order of the Indian 
Empire (C.I.E.). From 1944 to 1947 he was Honorary Physician to 
H.M. The King, and was knighted in 1946. Sir Gordon Covell is 
the author of a number of articles on malaria and allied subjects, 
and of the chapter on malaria control in oriental regions, in 
Malariology (ed. by M. F. Boyd, 1949). 


Dr D. G. Davey was educated at University College, Cardiff, 
Caius College, Cambridge, and Harvard University, USA. He has 
been parasitologist in the Institute of Animal Pathology, Univer- 
sity of Cambridge, and lecturer in Experimental Zoology at Car- 
diff. He is now engaged in research on the chemotherapy of tropical 
diseases. In 1947 he was awarded the Chalmers Medal of the 
Royal Society of Tropical Medicine and Hygiene, and, together 


Jol. 8 No. 1 


with his colleagues, F. H. S. Curd and F. L. Rose, the gold medal in 
therapeutics of the Society of Apothecaries. His publications have 
been mostly concerned with the physiology of parasites and their 
chemotherapy, the most notable being those dealing with pro- 
guanil (paludrine) and antrycide, both of which drugs he helped to 
discover. 


Dr J. D. FULTON spent several years on research in chemistry, part 
of this time as Ramsay Memorial Fellow, before graduating M.B., 
Ch.B. at Glasgow University in 1934. In 1935 he was awarded a 
Beit Memorial Fellowship. During its tenure he worked on the 
respiratory metabolism of malaria parasites and on other problems 
of experimental malaria at the London School of Hygiene and 
Tropical Medicine, in collaboration with Sir Rickard Christophers. 
Subsequent to his tenure, from i938 to 1941, of a Leverhulme Re- 
search Fellowship under the Medical Research Council, he was 
appointed to their scientific staff. He was seconded to the Liver- 
pool School of Tropical Medicine for the period of the Second 
World War, and has since worked at the National Institute for 
Medical Research. His investigations have been mainly concerned 
with the chemotherapy of protozoal infections, including malaria, 
trypanosomiasis, leishmaniasis and amoebiasis, and with the meta- 
bolism of the parasites concerned. He was joint author with 
Professor B. G. Maegraith of the section on the physiologic patho- 
logy of malaria, in Malariology (ed. by M. F. Boyd, 1949). Heisa 
member of the Biochemical Society, the Royal Society of Tropical 
Medicine and Hygiene, the Society for General Microbiology, and 
of the editorial board of the new journal, Experimental Para- 
sitology. 


Dr P. C. C. GARNHAM is Reader in Medical Parasitology in the 
London School of Hygiene and Tropical Medicine, University of 
London. He received his medical education at St Bartholomew’s 
Hospital, London, and studied in schools of parasitology in Paris, 
Amsterdam and Rome. From 1925 to 1946 he was in the Colonial 
Medical Service, holding the appointment of senior parasitologist 
in the Medical Research Laboratory, Kenya. He is a fellow of the 
Royal Society of Tropical Medicine and Hygiene, an honorary 








NOTES ON CONTRIBUTORS 


member of the Belgian Society of Tropical Medicine, a member of 
the American Society of Protozoologists and a Member of the 
Council of the British Medical Association. He is Chairman of the 
Malaria Sub-Committee of the Colonial Insecticides, Fungicides 
and Herbicides Committee, a member of the expert panel on 
malaria of the World Health Organization (WHO) and has served 
on other committees of WHO and of the former Office International 
d’Hygiéne Publique. His main work has been on malaria and other 
blood parasites, and he has lectured on this subject in Great 
Britain, Portugal and in the British Colonies. Dr Garnham is the 
author of numerous papers on medical entomology and proto- 
zoology, and has published, alone or in collaboration with Colonel 
H. E. Shortt, the result of work on the exoerythrocytic stages of 
malaria parasites and other allied organisms. He shared with 
Colonel Shortt the Darling Medal and Prize awarded by the World 
Health Organization in 1951 for outstanding work in malaria. 


Dr FRANK HAWKING has since 1937 been on the scientific staff of 
the Medical Research Council, working both in Africa and at the 
National Institute for Medical Research in London. He was 
educated at University College, Oxford, and at St Bartholomew’s 
Hospital, London. From 1930 to 1933 he worked at the Liverpool 
School of Tropical Medicine, and from 1935 to 1937 in the Depart- 
ment of Pathology, Welsh National School of Medicine, on the 
chemotherapy of trypanosomiasis. He is a member of the Royal 
Society of Tropical Medicine and Hygiene, the British Pharmacology 
Society and the Society of Apothecaries. His work has been 
chiefly concerned with chemotherapy (including the sulphonamides), 
malaria and filariasis. He has published numerous papers on these 
subjects and is author, with J. S. Lawrence, of The sulphonamides 
(1950). Dr Hawking has previously contributed to the Bulletin 
articles on the pharmacology of sulphonamides, and on the bio- 
logical standardization of neoarsphenamine (Brit. med. Bull. 1944, 
2, 64 & 70). 


PRoFFESSOR G. MACDONALD is Director of the Ross Institute of 
Tropical Hygiene—the department of tropical hygiene of the 
London School of Hygiene and Tropical Medicine—and gained 
his experience of malaria control in Africa, India and Ceylon on 
the staff of the Liverpool School of Tropical Medicine, of the 
Malaria Survey (now Institute) of India, and in private practice. 
He joined the Ross Institute early in 1939, but throughout the 
Second World War he was in the army, where he served as Con- 
sultant Malariologist first to the British Middle East Forces and 
later to the Central Mediterranean Forces. Since the war he has 
been chiefly engaged in the teaching of malariology, as well as in 
its practice and study. He was appointed Professor of Tropical 
Medicine in the University of London in 1947 and honorary con- 
sultant in malariology to the War Office in 1949. His published 
work, apart from that on the control of malaria, has been mainly on 
the epidemiology of the disease, and its effects on populations 
continuously exposed to it. Professor Macdonald has previously 
contributed to the Bulletin an article on mosquito control (Brit. 
med. Bull. 1945, 3, 218). 


Dr BRIAN MAEGRAITH is Professor of Tropical Medicine at the 
School of Tropical Medicine, Liverpool; Consultant Physician, 
Tropical Diseases Centre, Smithdown Road Hospital, Liverpool ; 
Honorary Consulting Physician, Royal Infirmary, Liverpool; and 
Nuffield consultant in tropical medicine to British West Africa. 
He was educated at the Universities of Adelaide and Oxford. He 
has been a Beit Memorial Fellow (1932-34) and Medical Fellow, 
Exeter College, Oxford (1939-40). From 1937 to 1944 he was 
lecturer and demonstrator in pathology and, from 1938 to 1944, 
Dean of the Faculty of Medicine in the University of Oxford. 
During the Second World War, as It.-col. in the Royal Army 
Medical Corps, he was in charge of the Army Malaria Research 
Unit, and a member of several committees on malaria. Professor 
Maegraith is a member of the council of the Royal Society of Tropi- 
cal Medicine and Hygiene and from 1949 to 1951 was its Vice- 
President. In 1951 he was awarded the Chalmers Medal of the 
Society. He is also a Membre d’Honneur, Societé Belge de Médecine 
Tropicale. He is co-editor of the Annals of Tropical Medicine and 
Parasitology and has published many articles in scientific journals. 
He is author of Pathological processes in malaria and blackwater 
Sever (1948) and joint author with J. D. Fulton of the section on the 
physiologic pathology of malaria, in Malariology (ed. by M. F. 
Boyd, 1949). 


Sir PHitip MANSON-BAHR, C.M.G., who writes the Introduction 
to this number of the Bulletin, is widely known as an eminent 
consulting physician in tropical diseases and as editor of Manson’s 
tropical diseases, the 13th edition of which was published in 1950. 
He is a past President of the Royal Society of Tropical Medicine 
and Hygiene, and of the Medical Society of London. 


Dr W. D. Nicot was educated at St Bartholomew’s Hospital, 
London. He was on the staff of the Horton Hospital for mental 
diseases, at Epsom, for 27 years until his retirement in 1951, and for 
the last 20 years was Physician Superintendent of the hospital. He 
is a Fellow of the Royal Society of Tropical Medicine and Hygiene, 
and an examiner in psychological medicine to the University of 
London, and to the Conjoint Examining Board of the Royal 
Colleges of Physicians and Surgeons. He is an author of a number 
of articles on neurosyphilis and its treatment, particularly with 
reference to its treatment by malaria therapy. 


COoLoNgEL H. E. SHORTT was educated at the University of Aberdeen 
where he graduated in medicine in 1910. He immediately entered 
the Indian Medical Service in which he served until 1944, retiring 
with the rank of colonel. He served for a time as acting Surgeon- 
General, Madras, and as Inspector-General of Civil Hospitals and 
Prisons, Assam, from 1941 to 1944. He was on the active list 
through both world wars and in the interval between them was a 
member of the Medical Research Department in India. During 
this period his chief researches were on kala-azar (in which he 
demonstrated transmission of the disease by the sandfly) on rabies 
and on babesia infections of dogs. More recently, with his col- 
leagues, he has demonstrated an exoerythrocytic cycle in mam- 
malian and human malaria as well as demonstrating that this cycle 
is the probable cause of relapses in malaria. He was awarded the 
Straits Settlements Gold Medal in 1938, the Kaiser-i-Hind Gold 
Medal in 1945, the Laveran Prize in 1948, the Mary Kingsley Medal 
in 1949 and, with Dr P. C. C. Garnham, the Darling Medal and 
Prize in 1951. He was elected a Fellow of the Royal Society in 
1950, and during 1949-51 was President of the Royal Society of 
Tropical Medicine and Hygiene. His present appointment is 
Professor of Medical Protozoology, University of London, and 
Director of the Department of Parasitology, London School of 
Hygiene and Tropical Medicine. 


Mr P. G. Suute is Assistant Director of the Malaria Reference 
Laboratory, Horton Hospital, Epsom, and adviser to the Ministry 
of Health on mosquito control in England. He joined the Ministry 
of Health in 1919 and worked under the late Colonel S. P. James. 
During the First World War he served under Sir Ronald Ross in 
one of the special hospitals for malaria patients. He was engaged in 
the campaign for exterminating malaria in England, especially in 
Kent and Essex where local outbreaks occurred as the result of 
indigenous anopheles becoming infected from relapsing personnel 
returning from malarious regions. From 1917 to 1921 he carried 
out a mosquito survey of England, and published numerous 
articles on the bionomics of English mosquitoes. In 1925 he was 
put in charge of a centre, established by the Ministry of Health, 
for the provision of material for malaria therapy and, when in 1950 
the laboratory was taken over by the Medical Research Council, 
he was appointed Assistant Director. He has instructed visitors 
from many other countries in his technique, and has himself 
visited countries in Central and Eastern Europe at the request of 
the malaria commission of the League of Nations. During the 
Second World War he made extensive surveys for the War Office in 
North Africa and Italy. Mr Shute is a Fellow of the Royal 
Society of Tropical Medicine and of the Royal Entomological 
Society ; he is also a corresponding member of the Societatea de 
Medici si Naturalisti of the University of lasi, Roumania. He has 
published over 100 articles in medical and scientific journals and is 
part author of an article on ovale malaria in Malariology (ed. by 
M. F. Boyd, 1949). 


Mr C. B. Symes has been, since 1947, in charge of Colonial 
Insecticides Research in the United Kingdom, East Africa and 
Mauritius. He has held appointments as entomologist in Southern 
Rhodesia (1921-24), and as medical entomologist in Kenya 
(1925-45), and was engaged in insecticide research in the Colonial 
Office from 1945 to 1947. For over 25 years his work has been 
mainly concerned with mosquitoes, tsetse flies, fleas, ticks and 
flies, and he has published many articles on these subjects. 


Brit, med. Bull. 1951 


4 
a 


ate al 





\ 


1951 





LIFE-CYCLE OF MAMMALIAN MALARIA PARASITE § H. E. Shortt 


LIFE-CYCLE OF THE 
MAMMALIAN MALARIA PARASITE 


H. E. SHORTT C.LE. M.D. D.Sc. D.T.M. & H. F.R.S. 


Director, Department of Parasitology 
London School of Hygiene and Tropical Medicine 
University of London 


History of research into malaria 

Recent advances in knowledge 

Life-history of the mammalian malaria parasite 
References 


wn 


Malaria, as a disease, was well known to the ancients. 
Hippocrates, in the fourth century B.C., knew it and recog- 
nized it as causing periodic fevers. It was known even 
before that date to the Chinese, who ascribed the symptoms of 
headache, fever and chill to separate demons. 


1. History of Research into Malaria 


Modern knowledge, however, may be said to have dated 
from the discovery, by Laveran in 1880, of the malaria para- 
site, the cause of the disease (Laveran, 1880). At this time, 
there was no knowledge of how the disease was contracted and 
spread but in 1894 Manson, influenced by his researches on 
the transmission of filariasis, suggested that the mosquito 
might be responsible for transmission of the disease (Manson, 
1894). There now commenced a fruitful scientific partnership 
between Manson in England and Ross in India, the former 
encouraging, exhorting and criticizing, and the latter working 
in the field under manifold difficulties. This co-operation 
culminated in the demonstration of the sexual cycle of bird 
malaria in culicine mosquitoes. In 1898 Bastianelli, Bignami 
& Grassi demonstrated the similar cycle of the human 
malaria parasite in anopheline mosquitoes. In the meantime, 
the parasitic cycle in the blood had also been studied in all its 
essential forms. 

This, in a few words, is the history of the malaria parasite 
from the time of the discovery of its life-cycle by Ross, in 1898, 
up to 1948. In other words, no fundamental increase in our 
knowledge of its life story occurred for a period of about 50 
years. During this period the sum of knowledge on this 
subject was as follows. When anopheline mosquitoes fed on 
the blood of a patient suffering from malaria, they took up 
with the blood the malaria parasites which had been seen by 
Laveran and which were contained in red cells of the blood. 
The parasites in the blood were known to undergo an asexual 
cycle of development in the vertebrate host, by which they 
increased numerically until enormous numbers were present in 
the blood. These parasites, however, could not get into 
another host and so propagate their species. To do this a 
new mechanism had to be called into existence, to transfer 
parasites from one host to another. This intermediary was 
the anopheline mosquito. As the parasites in the blood were 
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building up their numbers by asexual multiplication, certain 
parasites became differentiated as males and females, to follow 
a new course of development. When the anopheline mos- 
quito sucked blood these male and female parasites under- 
went sexual multiplication in the mosquito and produced 
thousands of small malaria parasites, called sporozoites, which 
collected in the salivary glands of the mosquito; these 
sporozoites represented the infective stage of the, malaria 
parasite, and were destined to carry the infection to a new 
host. When the mosquito next bit a man to suck blood it 
ejected into the wound some of its saliva and with it were 
injected hundreds of these sporozoites, which caused malaria 
in the new host. At first it was supposed that these sporozoites 
directly entered red blood-cells to produce the parasites which 
are seen when blood is examined under the microscope, and 
this belief persisted until recent years. 

Gradually, however, this explanation became suspect, as 
many observed facts would not fit into this simple picture, and 
the belief began to grow that there must be some other stage 
of the parasite, between the sporozoite injected by the mos- 
quito and the appearance of parasites in the host’s blood. 
Grassi (1900) was the first to suspect that the sporozoites 
developed in the tissues before invading the blood, but he did 
not go further in the matter after Schaudinn (1903) stated that 
he had observed the penetration of sporozoites into red blood- 
cells—an observation now completely discounted. 

The probability of a tissue phase was suspected because of 
certain well-known observations, some of which are given 
here: 


i. After injection of sporozoites by the anopheline mos- 
quito there was a period of about 10 days during which 
no parasites could be found in the blood. After this 
period they appeared in the red blood-cells and under- 
went the well-known process of asexual multiplication. 


ii. Infections caused by injection of sporozoites were much 
more difficult to eradicate than those produced by mere 
inoculation of infected blood. 


iii. After apparent cure of infection and the complete 
disappearance of parasites, relapses of malaria often 
occurred, sometimes for years on end. 


iv. James & Tate in 1937 showed that in bird malaria there 
was a very definite cycle of development apart from that 
in the blood and this increased the suspicion that such 
might also be the case in mammalian malaria. 


2. Recent Advances in Knowledge 


Having now given this very short history of malaria research 
as a background we are equipped to consider the most recent 
work on the life-history of the parasite. Instead of giving this 
separately I propose now to describe as briefly as possible the 
life-history of the mammalian malaria parasite, incorporating 
the newer knowledge in its appropriate place in the life-cycle. 
In the description to follow, for the sake of convenience I 
shall use the word ‘ host’ to indicate the mammal—man or 
monkey—as the general sequence of events is similar in both. 

The word ‘ life-cycle’ describes aptly the course of events 
because if we take up the story at any point and follow the 
events consecutively, we shall arrive back at the point at which 
we started. As a matter of convenience I propose to com- 
mence at the moment when an anopheline mosquito infected 
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with malaria parasites bites a new host. When the mosquito 
bites it injects saliva into the wound. In the salivary glands 
are lying sporozoites, the infective stage of the malaria para- 
site. These are minute sickle-shaped bodies, each about 15 wu. 
in length and containing one or more particles of nuclear 
chromatin. These enter the host’s tissues along with the 
saliva and now the chain of events leading to a new case of 
malaria has started. There now elapses a period of about 10 
days during which there is, in the blood of the host, no trace 
of the parasites inoculated by the mosquito. 

Until recently aquired knowledge showed otherwise, it 
was supposed that the sporozoites penetrated red blood- 
cells and, by their asexual multiplication there, built up an 
infection detectable in about ten days. This theory was 
supported by the alleged observation of Schaudinn (1903) of 
the penetration of red cells by sporozoites, an observation as 
already stated now completely discredited. The mystery of 
what happened in the interval between inoculation of sporo- 
zoites by the mosquito and the first appearance of the blood 
infection long remained a challenge to malariologists. As 
evidence, mentioned earlier, accumulated, the search for this 
cryptic stage intensified wherever malaria was studied. The 
first pointer as to the possible solution came from a study of 
bird malaria. James & Tate (1937, 1938) had described 
exoerythrocytic schizogony of the malaria parasite, Plas- 
modium gallinaceum, of the fowl. This occurred in the 
reticulo-endothelial system of the bird and especially in the 
cells of the brain capillaries but the mystery of what occurred 
during the incubation period following the infecting bites of 
the mosquito remained. In 1940, however, Mudrow in 
Germany and Shortt, Menon & lyer in India, independently 
and almost simultaneously described, for the first time, the 
pre-erythrocytic stage occurring in the incubation period 
(Mudrow, 1940; Shortt, Menon & Iyer, 1940). This develop- 
ment was in the cells of the reticulo-endothelial system. This 
work was amplified by Huff & Coulston (1944), who described 
the full development of the pre-erythrocytic stages of P. 
gallinaceum. 

Fairley (1945, 1947) carried out some classical researches on 
human malaria at Cairns, Australia, which proved beyond 
doubt that in the incubation period of malaria the parasite 
disappears from the circulating blood and undergoes develop- 
ment in some other tissue of the mammalian host before 
reappearing 8-10 days later in the form seen in the blood 
infection. These experiments showed that after infection of 
volunteers by mosquitoes the sporozoites circulated in the 
blood for about half an hour and then disappeared. There- 
after, even very large quantities of the blood inoculated into a 
fresh volunteer failed to produce infection unless there was a 
delay in this inoculation of 6 days in the case of P. falciparum 
and 9 days in the case of P. vivax. The results of these experi- 
ments intensified the search for pre-erythrocytic stages of the 
malaria, parasite in man, and in the monkey, which has very 
similar parasites. 

This search was finally successful when pre-erythrocytic 
stages of the monkey parasite, P. cynomolgi, were demon- 
strated in the liver by Shortt, Garnham & Malamos (1948). 
This was followed by the demonstration of similar forms in 
human malaria—P. vivax (Shortt, Garnham, Covell & Shute, 
1948) and in P. falciparum (Shortt et al. 1949, 1951). In 
addition, it was shown that similar forms, producing an inde- 
pendent cycle in the liver, were probably responsible for 
relapses in malaria (Shortt & Garnham, 1948). 


3. Life-History of the Mammalian Malaria Parasite 


With this background of recent advances in knowledge, I 
am now ina position to describe in some detail the full life- 
history of the mammalian malaria parasite. 

As already stated, when the infected mosquito bites a new 
host it inoculates with its saliva the infective sporozoites lying 
in its glands. For up to about half an hour these may circu- 
late in the blood, but they then disappear. Although the 
earliest stages of development have not certainly been seen, it 
is almost certain that many of the sporozoites are arrested in 
the liver, where they enter the parenchyma cells. Here they 
can be seen four days later as small spherical bodies lying in 
the cytoplasm of these cells and already containing about 
24 nuclei, the result of division of the nucleus of the original 
sporozoites. At this stage the parasite has a diameter of 
8 u. The liver cell appears unchanged, as does its nucleus, 
and there is no reaction in the surrounding liver tissues to the 
foreign body. The nuclei of the schizont, as this body is now 
called, multiply continuously by asexual division until at the 
end of seven days after infection by the mosquito the schizont 
is a large body over 30 ». in diameter and with up to 2,000 or 
more nuclei. As a result of the growth of the schizont the 
nucleus of the liver cell is pushed to the periphery and may be 
flattened while the cell itself is now a mere envelope surround- 
ing the schizont. There is still no reaction on the part of the 
liver. 

Around each parasitic nucleus there now condenses some 
of the cytoplasm of the schizont resulting in the formation of 
thousands of minute single-nucleated merozoites. From the 
8th to the 12th day after infection, and in some cases possibly 
later, the cell envelope containing the now mature schizont 
ruptures, setting free the merozoites into the surrounding 
tissues. 

The majority of the merozoites probably enter red cells in 
the liver sinusoids but considerable numbers are engulfed and 
destroyed by phagocytes which invade the area. A certain 
number of the merozoites re-enter fresh liver cells and repeat 
the cycle of schizogony just described. It is believed that 
these are the forms which, at a later date, cause relapses of 
malaria, as the liver cycle may persist after the blood cycle 
has been completely suppressed either by natural immunity 
or by drugs. 

Up to the point where some merozoites enter red cells the 
parasite contains no pigment. The young merozoites which 
enter the blood now attack the red cells of the circulation. 
An individual will attach itself to a red cell and penetrate it. 
It is now called a trophozoite and takes the form of a ring of 
cytoplasm with a nucleus at one point of the periphery. As 
it grows, the ring form is lost and the cytoplasm becomes very 
active, sending out finger-like pseudopodia. During the 
growth of the parasite the red cell undergoes certain changes. 
It becomes progressively enlarged and paler and a stippling 
of the cytoplasm appears which is more marked in some species 
and is known by the name of Schiiffner’s dots. As the 
parasite grows, grains of pigment appear in it derived from the 
haemoglobin of the red cell at the expense of which the para- 
site grows. The latter loses much of its activity and becomes 
more compact. Its nucleus divides and the parasite is now 
again called a schizont. Division of the nuclei goes on until 
there are from 8 to over 30 nuclei according to the species of 
parasite. Around each nucleus some of the cytoplasm con- 
denses and so again there are formed asexual merozoites. 
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The pigment, which has now collected into one or two 
clumps, and the remains of the cytoplasm (called the residual 
body) can also be seen. Suddenly the enlarged red cell 
ruptures and the merozoites are released. The residual body 
and pigment are taken up by phagocytes. The sudden release 
of merozoites, pigment and residual body causes the tempera- 
ture of the host to rise and initiates an attack of malarial 
fever. The cycle in the blood, from its commencement to the 
release of merozoites, may take 2-3 days according to the 
species of malaria parasite and so the fever rises correspond- 
ingly every third or fourth day. 

The release of merozoites from the liver is, as already stated, 
not strictly synchronized but may be spread over some days, 
resulting in daily releases of new batches of merozoites which 
successively initiate blood infections. This brings about 
irregular rises of fever in the early stages of a malarial infection. 
Gradually, as a rule, one strain of these merozoites gains 
ascendancy in the blood and so the release of merozoites in the 
blood becomes synchronized and the rise of fever is then more 
regular at two- or three-day intervals. The merozoites 
released into the blood now attack fresh red cells and the 
process is repeated until a very heavy blood infection may be 
built up. After a certain number of these asexual blood 
cycles, certain merozoites are produced which no longer 
repeat this asexual cycle but are sexually differentiated and 
destined to carry the infection to a new host. These forms 
also attack red cells and are called gametocytes, the female 
being known as the macrogametocyte and the male as the 
microgametocyte. 

The females, in stained films of blood, appear denser and 
more darkly stained, with a compact nucleus, while the males 
stain more faintly and have a more diffusely arranged nucleus. 
Both sexes have abundant pigment. We may now follow the 
history of these forms and the manner in which they transfer 
the infection to a new host. 

Gametocytes can complete their sexual union and develop- 
ment only in a mosquito and we may start to study this 
development at the point where a female anopheline mos- 
quito sucks blood from a host infected with malaria and 
whose blood is carrying mature gametocytes. The asexual 
parasites are digested but the gametocytes free themselves 
from their host red cells and proceed to develop. In the male 
the cytoplasm becomes violently agitated, and the nucleus 
divides into four to eight nuclei which migrate to the periphery 
of the parasite. The cytoplasm develops a number of threads 
and in 10-20 minutes after being taken up by the mosquito 
these threads shoot out from the parasite, each carrying one of 
the nuclei with it. They remain attached by one end to the 
microgametocyte, lashing about vigorously for some time 
and then breaking free to swim about independently. These 
threads, each with one nucleus, are the male gametes destined 
to fertilize the female gametes. 

The female has previously undergone a reducing division of 
the nucleus and is now the female gamete. These sexual forms 
are now known as microgametes and macrogametes. A 
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microgamete, as it swims about, approaches a macrogamete; 
on the side of the latter a pouting projection appears through 
which the questing microgamete enters. No other micro- 
gamete can now enter the same macrogamete. 

For a time the body—called the zygote—which results from 
the union remains quiescent and with the two nuclei separate. 
It then begins to lengthen into a vermicular form and is now 
called the travelling vermicule, or ookinete and glides among 
the stomach contents. The two nuclei fuse and thus complete 
fertilization. 

Within 24 hours of the mosquito’s blood meal the ookinete 
may reach the lining cells of the stomach wall and begin to 
penetrate this in order to get to the outer surface of the - 
stomach. Here it comes to lie under the elastic membrane 
covering the outer side of the stomach and rounds up into a 
small spherical body which secretes around itself a cyst wall. 
It is a single-nucleate body showing the pigment of the 
macrogamete and is now known as the oocyst. 

The oocyst at once begins to enlarge. The nucleus divides 
repeatedly and the pigment becomes obscured. Eventually a 
very large number of nuclei is present in the now greatly 
enlarged oocyst. The cytoplasm takes the form of a spongy 
meshwork enclosing vacuoles within the anastomosing septa. 
The nuclei arrange themselves along these septa; fingers of 
cytoplasm are projected from the septa into the vacuoles and 
with each is carried out one of the nuclei. In this way 
enormous numbers of elongated uninucleated bodies arranged 
in whorl-like formations are produced. These bodies next 
become detached from the septa and lie in tangled masses 
filling an oocyst which is now hundreds of times its original 
volume. These elongate bodies are the sporozoites, which 
form the end stage of this elaborate sexual process and the 
infective stage of the malaria parasite which will transmit the 
infection to a new host. 

At this stage, 8-10 days or more have elapsed since the 
mosquito took its blood meal, the rate of development of the 
oocyst being accelerated by a higher and decelerated by a 
lower air temperature. The oocyst now ruptures liberating the 
sporozoites into the body cavity of the mosquito. They are 
feebly motile and are carried by the body fluid of the mosquito 
to various parts of its body but tend to be specially attracted 
towards the salivary glands of the insect. Here, by their own 
activity, they penetrate the walls of the salivary glands from 
the outside and enter the cells of these organs. They are to be 
seen lying both in the secreting cells and within the lumina of 
the lobes of the glands. In this situation there is no further 
development of the sporozoites, which now lie quiescent until 
the next feed of the mosquito ona new host. As the mosquito 
feeds, it injects its saliva into the wound and, with this secre- 
tion, passes hundreds of sporozoites into the tissues of the 
new host to start again the complicated series of events I have 
described. It will be seen that we have now reached the stage 
of the life-cycle at which we commenced the description and a 
new host will contract malaria and so ensure the continued 
existence of the malaria parasite. 
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CeOIADUNAWN— 


The malaria parasites belong to the large group of organisms 
which spend part of their lives in the red or white blood 
corpuscles of vertebrates. The exact behaviour elsewhere of 
these organisms varies from family to family, from genus to 
genus, from species to species and even from race to race, and 
this suggests that the process of evolution is still in a state of 
activity and that few of the organisms have reached their 
final form. We are therefore likely to find one group 
merging into the next, with ill-defined boundaries, incon- 
stancy of characters, and the presence of mutations when the 
organism is exposed to abnormal conditions. These organ- 
isms, however, possess certain invariable features: a cycle in 
an invertebrate host, an alternation of generations (one 
asexual or schizogonic, the other sexual or sporogonic), the 
presence of gametocytes (or sporozoites in the Lankesterelli- 
dae) in the blood of the vertebrate, and lastly a tissue phase (or 
exoerythrocytic schizogony). Such features are possessed by 


TABLE |. SUB-CLASS: COCCIDIOMORPHA 


Site of exoerythrocytic Invertebrate 


lassification ; 
Classificati schizogony host 





ORDER: COCCIDIIDA 
SUB-ORDER: Eimeriidea 
Family: Lankesterellidae 

Genus: Lankesterella 
Schellackia 
SUB-ORDER: 
Haemosporidiidea . | 
Family: Haemoproteidae 
Genus: Haemoproteus . 
Leucocytozoon . 


Vascular endothelium | Leech 
Intestinal epithelium | Mite 


Vascular endothelium | Hippoboscid 
Reticulo-endothelium,| Simulium 
parenchyma 
Hepatocystis Liver parenchyma ? 
Plasmodium mu- 
rinum . . | Reticulo-endothelium | Nycteribiid 
Family: Plasmodiidae 
Genus: Plasmodium Reticulo-endothelium, 
haemopoietic tissue, 
liver parenchyma 
SUB-ORDER: | 
Piroplasmidea 
Family: Babesiidae 
Genus: Babesia . - ? Tick 
Family: Theileriidae 
Genus: Theileria . 


ORDER: ADELEIDA 


SUB-ORDER: 
Haemogregarinidea 
Family : Haemogregarinidae 
Genus: Haemogregarina | Free Leech 
Family: Hepatozoidae 
Genus: Hepatozoon 


Mosquito 


Reticulo-endothelium | Tick 


Liver or lung paren- | Mite 
chyma 
Family: Karyolysidae 
Genus: Karyolysus 


Vascular endothelium | Mite 








sorting out, and it is the purpose of this paper to indicate how 
the varying characters of exoerythrocytic schizogony amongst 
the different species may help to provide a new classification 
in the future. The genus Plasmodium is temporarily defined 
here to include pigment-producing parasites which undergo 
one cycle of schizogony in the red blood cells, and another 








the Sporozoa, sub-class Coccidiomorpha, listed in Table I. cycle in the tissues of the vertebrate, and which undergo : 
Exoerythrocytic schizogony in malaria can best be under- sporogony in the body of a mosquito. It will be necessary 
stood against the background of similar processes in these to discuss also certain parasites which are still included in the 
related Sporozoa. Erythrocytic schizogony is an off-shoot of genus Plasmodium or have only recently been removed from k 
the ordinary type of asexual development which normally it; they are parasites of several types, characterized by the ' 
occurs in the tissues of the vertebrate; the former is found presence in the blood of gametocytes only. ~ ; 
only amongst the plasmodia. Plasmodia are confined to The standard pattern of exoerythrocytic schizogony may be j 
relatively few animals—man, the higher and lower apes, briefly described as follows: a sporozoite enters the body of i 
many birds and lizards, a few rodents, and a frog. So-called the vertebrate host by the bite of aninvertebrate. It develops 
plasmodia described from other animals should probably be inside a tissue cell into a schizont which divides into a number 
referred to different families. The genus Plasmodium itself of cryptozoites and these invade new tissue cells to give rise to 
undoubtedly includes a complex of organisms which needs a metacryptozoic generation which parasitizes erythrocytes. 
LIFE-CYCLE OF MAMMALIAN MALARIA PARASITE 
Continued from page 9 i 
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Up to this point development of the parasite in the tissues is 
called pre-erythrocytic schizogony; later invasion of tissue 
cells may take place and is referred to as exoerythrocytic 
schizogony (sensu stricto).. The tissue schizonts are charac- 
terized by absence of pigment, by more humerous merozoites 
than those of the blood forms, and by a special colour reaction 
(cherry red and Prussian blue) when stained by a Romanowsky 
method in dried smears. The tissue schizont may produce 
either macromerozoites, destined to invade new tissue cells, or 
micromerozoites, which enter erythrocytes. The existence 
of two kinds of merozoites is undoubted in the haemogre- 
garines, and has been equally well demonstrated by Mudrow & 
Reichenow (1944, 1949) in certain species of avian malaria; 
in mammalian malaria, no very clear evidence has yet been 
presented. In other respects also the pattern of exoerythro- 
cytic schizogony varies naturally from species to species of 
parasite; changes may also occur as the result of artificial 
factors. The specific pattern nevertheless falls into certain 
well-defined groups; these are outlined below and individual 
species are tentatively assigned to them. 


FIG. 1. P. 


? RETICULO-ENDOTHELIAL SYSTEM 
PRE - ERYTHROCYTIC 


potentially unlimited life. In P. elongatum there is apparently 
no differentiation into macro- and micro-merozoites. 

There is much variation in behaviour in different birds 
infected with the same strain of parasite. In a series in 
canaries, I have noted that in most birds both exoerythrocytic 
and erythrocytic schizogony was largely confined to the bone- 
marrow; in fact, the latter was so much in abeyance that the 
blood phase (including gametocyte production) was practi- 
cally absent. In a few of the canaries, however, the erythro- 
cytes were heavily parasitized—in both groups the birds died 
of the infection, with the marrow choked with parasites. 

It is possible that P. berghei is the mammalian representative 
of this type. I have recently demonstrated (Garnham, 1951a) 
the close relationship between P. berghei and P. elongatum. 
The exoerythrocytic forms of P. elongatum may be found in 
the erythroblasts and other primitive cells in the peripheral 
blood. I have found exoerythrocytic parasites of P. berghei 
very commonly in similar cells towards the end of the first 
week of the infection in white rats and hamsters. Then in 
organ smears, van den Berghe, Vincke & Chardome (1950) 


ELONGATUM 


HAEMOPOIETIC SYSTEM 
EXOERYTHROCYTIC 


1. Elongatum (Type I 


This type (fig. 1) was the first kind to be recognized (by 
Raffaele, 1934; and by Huff & Bloom, 1935). It is found in 
Plasmodium elongatum, an avian parasite of world-wide distrib- 
ution, showing curious oval merozoites and elongated gameto- 
cytes. The development of the sporozoite has not been directly 
traced, though Raffaele (1934) found early forms in endothelial 
cells. The later exoerythrocytic forms are common in all 
cells of the haemopoietic system—in the blood, the bone- 
marrow and elsewhere. Apart from this series, parasites are 
less commonly found in macrophages, plasma cells and 
lymphocytes. Typically, the type of cell parasitized is the 
non-fixed variety; such cells are most numerous at their site of 
origin, but by their habit are found sooner or later in the blood. 
Except for their size, number of merozoites and absence of 
pigment, the exoerythrocytic schizonts are not unlike the 
schizonts in the mature blood cells; between the two there 
is every gradation. It is obvious that simple blood inocu- 
lation will transfer exoerythrocytic forms in wandering cells 
to a new host, and development of tissue forms in the new 
animal after blood infection is an important characteristic of 
Type I behaviour and of Types II and III. In other words, 
in these three types, sporozoite inoculation is unnecessary for 
the production of exoerythrocytic parasites which have a 
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demonstrated exoerythrocytic schizonts in reticulo-endothelial 
cells, almost exactly resembling the development of P. 
elongatum in certain cells in the bone-marrow of birds. It 
should be noted that all the above examples occurred after 
blood inoculation. The short prepatent period (three days 
after sporozoite inoculation) as reported by Vincke & Lips 
(1950) indicates that there may be a major difference between 
P. berghei and other mammalian plasmodia. 

It appears that the elongatum type is found in two grades of 
cells, one more, and the other less, primitive, with all grada- 
tions between them. The exoerythrocytic parasites seen by 
the Belgian workers were in the former. It is possible that 
exoerythrocytic' schizogony of P. pitmani of African skinks 
ought to be placed in this type rather than in Type II 
(gallinaceum) to which the present writer (Garnham, 1950) 
provisionally assigned it. This parasite showed in natural 
infections exoerythrocytic schizonts in reticulo-endothelial cells 
in the spleen and heart; none were present in the wandering 
cells of the blood, so it was then assumed that P. pitmani 
could not belong to the elongatum (nor to the Type III 
mexicanum) group. If now the elongatum type may be 
thought to comprise two grades, then P. pitmani could be 
placed in it, recognizing that the grade occurring in the less 
primitive cells is suppressed in this species. 
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2. Gallinaceum (Type I) 


P. gallinaceum (fig. 2) has been intensively studied since 1937 
when James & Tate first demonstrated the existence of 
exoerythrocytic schizogony in infected chickens. Huff & 
Coulston (1944), and others, showed that the sporozoite 
underwent a cycle of development in the macrophages and 
other cells at the site of the bite, and in the spleen for at least 
two generations (cryptozoic and metacryptozoic). Infection 
of the blood follows and is accompanied by development of 
both macro- and micro-forms in vascular endothelium and 
other reticulo-endothelial cells in practically every organ of 
the body. This later tissue development is capable of arising 
in blood-inoculated infections; Downes (1947) showed that a 
single erythrocytic parasite is able to initiate it. The duration 
of these exoerythrocytic parasites in natural infections is 
probably fairly short; Corradetti (1949) states that the tissue 


FIG. 2. 


RETICULO-ENDOTHELIAL SYSTEM 
PRE ~ ERYTHROCYTIC 


SPOROZOITE 5 





cycle ends after two months, and it is possible that the line 
symbolizing the tissue phase in fig. 1 should end abruptly 
instead of continuing indefinitely, though in some strains and 
species of avian malaria this phase may persist longer. 

The pattern of P. gallinaceum can undergo considerable 
modification under certain circumstances which have been 
clearly illustrated by Haas et al. (1948) as follows: 

Pattern A: The natural pattern, occurring after infection by 
mosquito bites, is of an unobtrusive production of exoery- 
throcytic forms with a peak at the end of the incubation period, 
and then a gradual decline. 

Pattern B: If the bird is infected by blood forms instead of 
sporozoites, exoerythrocytic parasites become prevalent when 
the parasitaemia diminishes. 

Pattern C: Early and extensive exoerythrocytic production 
occurs after (i) infection by exoerythrocytic parasites in a 
brain emulsion, (ii) infection by tissue culture material, 
(iii) infection by sporozoites derived from a blood-inoculated 
strain and (iv) suppression of the blood forms by quinine. 

Further work by Lewert (1948), and others, has shown that 
the erythrocytic cycle can be entirely eliminated by infections 
started from a tissue culture, thus demonstrating an artificial 
parallel with the absence of the erythrocytic phase in certain 
canaries infected with P. elongatum (see section 1). On the 
contrary, the exoerythrocytic cycle can be obliterated by using 
chronic infections in chicks in serial passage, when a strain 
suddenly arises in which the tissue phase is completely 
absent and remains so through subsequent mosquito passage 
(Trembley, Greenberg & Coatney, 1951). 


The gallinaceum type is seen also in the following avian 
malarias—P. relictum (see Reichenow & Mudrow, 1943), 
P. cathemerium (see Kikuth & Mudrow, 1939), P. lophurae 
(see Huff et al. 1947), and P. fallax (see Huff et al. 1950). 
Later work on this problem is reported by Huff (1951), who 
was responsible for much of the earlier also. The pattern is 
not exactly the same in these species, and even different 
strains of a single species may vary considerably. In a strain 
of P. relictum recently studied by the present writer, blood- 
inoculated birds failed to show exoerythrocytic parasites, 
though in sporozoite-induced infections of the same strain, 
these were plentiful. Apart from this, even sporozoite- 
induced infections of different strains of P. relictum vary 
considerably—some produce many exoerythrocytic forms, 
others few. There is another factor also—the host. Huff 
(1951) has worked out the relative incidence of the tissue forms 


P. GALLINACEUM 


RETICULO-ENDOTHELIAL SYSTEM 
EXOERY THROCYTIC 


MACROSCHIZOGONY 


MICROSCHIZOGONY 
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of these parasites in a number of birds. It seems that the 
closer the bird is, zoologically, to the natural host, the greater 
the production of exoerythrocytic parasites. On the other 
hand, the infection in distantly related birds may be extant 
only in the cryptozoite stage with a complete absence of 
parasitaemia. 

P. fallax and P. lophurae differ from the typical pattern, in 
that tissue forms of the parasite appear to be entirely lacking 
in blood-induced infections; in other words, there is only 
** one-way traffic ’’ between the endothelium and the blood in 
these species. 

It seems likely that the following bird plasmodia should 
also be included in the gallinaceum group: P. durae, P. 
circumflexum, P. nucleophilum, P. hexamerium (Manwell, 
1951). Their pre-erythrocytic stages are unknown, but the 
later pattern resembles that of P. gallinaceum. 


3. Mexicanum (Type IID 


This type is found in a malaria parasite of New World 
lizards—P. mexicanum. It is interesting in that it combines 
features possessed by Types I and II, and like them it readily 
occurs after blood inoculation. Exoerythrocytic schizogony 
takes place in wandering cells of haemopoietic origin and also 
in fixed tissue cells such as the endothelium lining the sinusoids 
of the liver and other organs. The process is continuous and 
may be found throughout the infection; in an abnormal host, 
the whole infection may become very largely exoerythrocytic 
(Thompson & Huff, 1944). It is doubtful if P. lygosomae 
(see Laird, 1951) belongs to this type or to Type I. 
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4. Cynomolgi (Type IV) 

The behaviour of P. cynomolgi (fig. 3) in the liver of monkeys 
has been studied in detail (Shortt & Garnham, 1948a, 1948b, 
1948c) and although lacunae in our knowledge of its develop- 
ment exist, the general pattern is discernible. What happens 
immediately after the disappearance of the sporozoite from 
the blood is, however, still a mystery. It certainly penetrates 
some cell in the liver, but whether this is a reticulo-endothelial 
or a parenchyma cell remains uncertain; if the former, a 
cryptozoic generation must mature in the first 48 hours and 
the schizonts seen in the parenchymatous cells four days after 
infection are metacryptozoites; on the other hand, the 4-day 


accompanied by the acquisition of immunity, which eventually 
frees the blood of parasites. Sooner or later, however, 
immunity decreases, merozoites from the liver schizonts are 
again able to multiply in the blood, and a relapse occurs. 
If the origin of the vivax infection is blood passage, then the 
attack ends after the first immunizing process, as there are 
no tissue schizonts available to restock the blood. P. 
cynomolgi infections differ in showing persistent infection in 
the blood even after blood passage. This difference between 
the human and simian parasites relates. more to immunity 
than to the pattern of exoerythrocytic schizogony, which is 
probably essentially similar. 


FIG.3. P. CYNOMOLGI 
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FIG. 4. P. FALCIPARUM 
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schizont may equally well be the direct product of the sporo- 
zoite. Development in the parenchyma proceeds, and the 
mature schizont, containing a thousand or more merozoites, 
ruptures about the eighth day. Most of the merozoites invade 
red blood cells to initiate erythrocytic schizogony; a few 
return to the parenchyma to continue the tissue cycle. In its 
protected environment the tissue schizont (or phanerozoite) 
goes on multiplying indefinitely, though many of its products 
are destroyed by the immunity acquired by the host. Very 
few liver schizonts are necessary to keep the infection alive, 
and it may be that this cycle lasts as long as the life of the 
animal. 

After blood inoculation, no tissue forms of P. cynomolgi are 
demonstrable; this suggests that the erythrocytic cycle 
cannot give rise to an exoerythrocytic cycle. Infections of this 
type can however be very long-lived, as was shown by 
Corradetti & Verolini (1950). In blood-passaged infections 
with the closely related parasite, P. gonderi, I have found 
persistence of parasites in the blood for two and a half years. 

The pattern exhibited by P. vivax resembles the above in 
most respects. A blood infection of sporozoite origin is 
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The cynomolgi type has so far been established for P. 
cynomolgi, P. vivax and P. inui (Garnham, 1951b). It prob- 
ably exists also in P. malariae of man and chimpanzee 
and in the simian parasites, P. gonderi, P. schwetzi and P. 
brasilianum. 


5. Falciparum (Type V) 


Type V (fig. 4) is much like the preceding one, but exo- 
erythrocytic schizogony is confined to the pre-patent period. 
During this period the parasite grows rapidly in a parenchyma 
cell, and in five days is mature, with about 40,000 merozoites 
(Shortt et al. 1951). Invasion of the blood follows, and 
appears to be unaccompanied by persistence of the tissue 
phase in the liver; hence, infections of malignant tertian 
malaria are short, show no true relapses, and are easily 
curable. As in Type IV, the tissue phase can arise only after 
inoculation with sporozoites, and there is only “ one-way 
traffic’ between liver and blood. The crescent-producing 
P. reichenowi of the chimpanzee probably belongs to this type. 
P. ovale of man may also belong to it; infections are very 
easily curable and show no relapses. 
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It is interesting to note that the patterns of Types IV and V 
were very largely demonstrated by indirect evidence, culminat- 
ing in the work of Fairley (1949). 


* * * 


The next two types of exoerythrocytic schizogony are 
mentioned here because the parasites exhibiting them were 
for long regarded as belonging to the genus Plasmodium. 
One, on strictly morphological grounds, has now been 
removed to a new genus (Hepatocystis). The other is still 
unnamed; it is typified by a malaria parasite of insectivorous 
bats, originally known as Plasmodium murinum. These two 
types show only gametocytes in the blood. 


7. Kochi (Type VII) 


The details of this pattern (fig. 6) (Garnham, 1948) are best 
seen in Hepatocystis kochi, a parasite of African monkeys; 
its pre-erythrocytic behaviour is still unknown. Development 
is apparently confined to the parenchyma cells of the liver in 
which the organism grows first as a multinucleated schizont, 
not unlike P. cynomolgi, but later, owing to vacuolation of 
the cytoplasm, into a relatively enormous merocyst. Some 
differentiation into cytomeres is usually visible, this feature 
however differing from species to species. Even in the type 
species, H. kochi, the appearance of the merocyst is not always 
exactly the same; in a recent specimen of infected liver sent 


FIG.5. P. MURINUM 


PRE - ERYTHROCY TIC 
ORGAN LIVER 
am, pl 


atten —_— TK 
HA 
p* UNTIL RELAPSE 


seenes ceemeemebleemmnmaal aan eae (oun eumal 
. ' 
il ' 
~4 OL BAARS 


LIVER 
ENDOTHELIUM 


aa 


PLL? 


ale A 
a ERYTHROCYTIC 
GAMETOCYTES ONLY GAMETOCYTES ONLY 

(PRIMARY ATTACK) (RELAPSE) 


FIG. 6. H. KOCHI 


? LIVER PARENCHYMA 
PRE - ERYTHROCYTIC 


SPOROZOITE —_5 


LIVER PARENCHYMA 
EXOERY THROCYTIC 


RARARRARRARARA AH 


6. Murinum (Type VI) 


Work on the so-called Plasmodium murinum (fig. 5) of bats 
is not sufficiently advanced to enable a clear picture of its 
exoerythrocytic schizogony to be drawn. Mer & Goldblum 
(1947) gave a brief account, which is now being expanded by 
Goldblum (unpublished). Murinum is most like the galli- 
naceum type, but differs from it in two essentials: (i) it is 
unaccompanied by erythrocytic schizogony and (ii) it is 
transitory. Small schizonts of two types, with micro- and 
macro-merozoites respectively, form in the fixed reticulo- 
endothelial cells of the bone-marrow, spleen, kidney and lungs; 
a little later, the endothelium of the sinusoids of the liver is 
similarly invaded, and finally parasites reach the blood. Free 
unpigmented schizonts are found not infrequently in the blood 
of bats, presumably as the result of accidental rupture of 
infected vascular endothelium. Exoerythrocytic stages quickly 
vanish, though they are said to return months later before a 
relapse. The ephemeral nature of the tissue stages, and the 
relapse phenomenon, much resemble the behaviour of 
Haemoproteus and Leucocytozoon. It may be that the so- 
called Plasmodium brodeni of the elephant-shrew will show a 
similar type of exoerythrocytic schizogony. 


ERYTHROCYTIC 
GAMETOCYTES ONLY 


me by Dr F. Pick of the Pasteur Institute, Paris, 1 found that 
the merocysts were 4 mm. in diameter (instead of the usual 
2 mm.) and that on section they were multilobular, suggesting 
a late persistence of the effects of cytomery, as is seen in 
Haemoproteus columbae in the lung of sparrows. 

The merocysts of these infections are usually few in number, 
are confined to the liver, and have a remarkably long life. 
It is possible that they discharge their contents (the merozoites) 
slowly over weeks; a few merozoites apparently re-enter 
liver cells, and maintain the tissue cycle, which can be found 
long after the animal has been removed from exposure to 
natural infection. As a rule, seasonal fluctuations in the 
number of gametocytes are negligible, though I have rarely 
seen what appeared to be a “ relapse.” I observed an infec- 
tion of H. kochi in the blood of a male Cercopithecus aethiops, 
from its capture in July 1950 until May 1951. It showed at 
first about 30,000 gametocytes per mm.* of blood, and this 
figure remained the same during the first three months of 
captivity; then in October the blood became flooded with 
gametocytes including many young forms, the mature num- 
bering 220,000 per mm.* These persisted until the end of 
the year, but by January 1951 the density of parasites had 
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dropped to the original figure and in May 1951 there were 
only 2,000. 

Hepatocystis epomophori is more seasonal in behaviour, 
and it is quite possible that the individual merocysts have a 
much shorter life; certainly they are found with greater 
difficulty than those of H. kochi, while the blood itself is more 
likely to contain parasites during the rainy season than later in 
the year. 

In addition to H. kochi, H. epomophori of African fruit bats, 
H. vassali (see Field & Edeson, 1950) of Malayan squirrels, 
and the parasites of the Himalayan flying fox, all exhibit Type 
VII exoerythrocytic schizogony. It is probable that the 
following species also belong to the group—Plasmodium 
pteropi, P. taiwanensis and P. semnopitheci. 


8. Types VIII (Haemoproteus) and IX (Leucocytozoon) 

The tissue phases of Haemoproteus and Leucocytozoon are 
of great interest, but as these organisms are not usually 
included amongst the malaria parasites, their patterns will not 
be discussed, beyond mentioning that both are of ephemeral 
nature, with Haemoproteus utilizing the vascular endothelium 
and Leucocytozoon utilizing a variety of cells, including the 
liver parenchyma, for development. 


9. Discussion 


It would be easy to draw up a scheme of hypothetical 
phylogenetic relationships between the parasites belonging to 
Types I-IX, but I think it is better to regard them more 
objectively, and to confine the discussion to a brief one dealing 
with the resemblances between the groups. It is perhaps worth 
while classifying them according to their vertebrate and 
invertebrate hosts (Table II). 

Types I-V are the true plasmodia (though further differen- 
tiation is desirable) and are transmitted by mosquitoes; 
Types VI-IX are not plasmodia and probably are not trans- 
mitted by mosquitoes. 

Any arrangement into endothelial and liver parenchyma 
divisions respectively in relation to the vertebrate host breaks 
down because of the unique behaviour of the murinum type; 
otherwise it could have been stated that all mammalian forms 
utilized the liver, and all avian and reptilian forms the general 
endothelium (with the partial exception of Leucocytozoon). 

The less essential characters such as persistence of tissue 
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TABLE II. CLASSIFICATION OF TYPES ACCORDING 
TO HOST 
Type Vertebrate host a 
|. Elongatum . . | Bird, reptile and ?rodent | Mosquito 
ll. Gallinaceum . | Bird Mosquito 
lll. Mexicanum . Reptile ? 
IV. Cynomolgi . Primate Mosquito 
V. Falciparum . Primate Mosquito 
VI. Murinum Bat and ?elephant-shrew | Nycteribiid 
Vil. Kochi. Primate, bat and squirrel ? 
Vill. Haemoproteus  . | Bird and reptile Hippoboscid 
IX. Leucocytozoon . | Bird Simulium 











forms, passage to and fro between blood and tissue, oblitera- 
tion of blood phase, etc., vary greatly amongst the different 
species and may be influenced by the environment. On the 
other hand, nothing can make P. elongatum develop in a 
parenchyma cell of the liver, P. gallinaceum into a merocyst, or 
P. falciparum in a pupiparous fly—these would represent 
profound changes. Corradetti (1949) attempted to classify 
these organisms according to the site of exoerythrocytic 
development and the immunity reaction; in this way, he 
produced the six following groups: 


i. P. vivax and P. cynomolgi—hepatic endo-epithelial ; 
ii. P. kochi—hepatic endo-epithelial ; 
iii. P. elongatum—endo-haemoblastic; 
iv. P. gallinaceam—endo-histiocytic; 
v. P. relictum and P. cathemerium—endo-histiocytic 
(variant of iv), and 
vi. H. columbae—endo-histiocytic schizogony only. 


The immunity reactions in the different groups are too little 
known to demonstrate the position more clearly and this 
character seems scarcely fundamental enough to possess any 
systematic significance. 

The position may well be clarified when the type of exo- 
erythrocytic schizogony and the nature of the vector are 
elucidated in P. knowlesi, “‘P.”’ brodeni and P. vaughani (or any 
of the smaller avian parasites), and pre-erythrocytic schizogony 
in P. berghei, “P.’ murinum and Hepatocystis. These 
problems, together with the mystery of the earliest stages of the 
cynomolgi type, seem to be the most urgent at the present time. 
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CAIDUNRWN 


The detailed study of any parasite is always handicapped by 
the difficulty of distinguishing between phenomena due to the 
parasite and those due to the host. If the parasite can be 
grown outside its host, the position is much simpler, for the 
overshadowing influence of the latter can then be avoided. 
In the case of the plasmodia, such cultivation outside the host 
has proved to be particularly difficult because of the strictly 
intracellular habits of almost all stages of the life-history. 
The present article describes principally the cultivation of 
one particular stage of the life-cycle, viz. the exoerythrocytic 
forms, and only brief references will be given to the cultivation 
of other forms. 

For many years it had been known that tissue culture was 
a convenient method for the growth in vitro of rickettsiae 
and various viruses, so that it seemed probable that the same 
technique could be applied to some of the intracellular forms 
of the malaria parasite ; but early attempts were not very 
successful. Gavrilov, Bobkoff & Laurencin (1938) carried out 
many experiments with fragments of tissue from chicks 
infected with Plasmodium gallinaceum. Malaria parasites 
were never found histologically in these cultures, but on two 
occasions material which had been maintained in vitro for 
7 and 10 days respectively produced infections when inoculated 
into other fowls. The failure of these workers was probably 
due to their use of slide cultures (which, compared with 
Carrel flasks, seem unfavourable to the growth of plasmodia). 
Similar suggestive but inconclusive results were reported by 
Hegner & Wolfson (1939) using P. cathemerium. The first 
consistently successful results were described by Hawking 
(1944, 1945), who obtained luxuriant growth of the exoery- 
throcytic stages of P. gallinaceum which could be maintained 
in vitro for as long as three months. The same technique, 
with minor modifications, has been successfully employed by 
various subsequent workers. 


1. Technique 


The tissue for cultivation is obtained from birds containing 
the desired exoerythrocytic forms ; young chicks inoculated 
8-9 days previously with the sporozoites of P. gallinaceum 
are suitable for this purpose. The most convenient tissue to 


take is the spleen, but implants can also be made from the 
bone-marrow, liver, leucocytes of the blood (buffy coat layer), 
or other organs. Material from chick embryos has been 
recommended by Zuckermann (1946); although this is 
undoubtedly very rich in parasites, material which is simpler 
to obtain serves equally well. Cultures can also be made 
from the brain and the lung of infected chick embryos 
(Dubin, 1947 ; Meyer, 1947). Rich cultures can be obtained 
from the pia mater and chorioid plexus of chicks which have 
been inoculated with infected blood and treated with quinine 
to suppress parasites developing in the red blood corpuscles ; 
cultures can be also obtained with difficulty from the myo- 
cardium (Lewert, 1950). The material is cut into fragments 
1-2 mm. cube to serve as implants in the usual way. The 
cultures are best made in Carrel flasks. Four or more small 
pieces of No. 1 coverslip, about 1 cm. square, are placed in 
each flask. The slips are arranged by a platinum hook so 
that they form a single layer on the floor of the flask without 
overlapping, and then a drop of plasma from a fine pipette is 
run under each of them so as to fix them in position. A drop 
of plasma from the same pipette is next placed on the top of 
each glass slip. With a second pipette, an implant is placed 
in the plasma on each slip and the excess fluid is sucked off, 
after which the flask is set aside for a few minutes to allow 
coagulation of the plasma above and below the glass slip to 
take place. Then 2-3 ml. fluid medium (according to the 
size of the flask) is added and the flask is closed with a rubber 
bung. If coagulation is unduly delayed, it may be desirable 
to invert the flask and to insert the fluid medium on the inverted 
ceiling of the flask, so as to prevent injurious desiccation of the 
implants ; later the flasks are turned back to their normal 
position. This technique using movable coverslips was 
suggested by Jacoby (1944). The flasks are incubated at 
37° C. Examination of the general growth of the culture is 
made by inverting the flask and inspecting the cells with the 
low power of the microscope ; or the flask may be more 
conveniently examined from below with an inverted micro- 
scope, if one is available. For more precise examination the 
flask is opened and one of the glass slips is drawn up into the 
neck of the flask by means of a platinum wire hook. The 
slip can then be picked up with forceps, rinsed for a few 
seconds in an appropriate salt solution and fixed in any 
desired way. A simple method is to fix in methanol, or 
Schaudinn’s fixative, stain by Giemsa’s method, dehydrate by 
passing through suitable mixtures of acetone and xylol, and 
mount in a neutral mountant. 

The fluid medium consists of Tyrode’s solution and fowl 


‘serum. Growth usually occurs equally well in any concen- 


tration of serum between 10% and 50% ; 20% is an econo- 
mical concentration for routine use. The presence of a small 
amount of embryo extract is advantageous to stimulate 
growth, but high concentrations cause undue proliferation of 
fibroblasts at the expense of the macrophages, which are the 
cells particularly desired. The optimum amount of embryo 
extract depends on the tissue under cultivation. With 
chicks about 2 weeks old, 3% extract is a good concentration. 
A few drops of 0.1% phenol red solution are also added, 
enough to colour the medium and to indicate the reaction. 
Before adding the medium to the flask, the reaction is adjusted 
to about pH 7.6 by bubbling carbon dioxide or expired air 
through it. If desired, antibiotics can also be added to assist 
in preventing bacterial contamination. Suitable concen- 
trations are, of penicillin 5 units (up to 100 units) per ml., and 
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of streptomycin up to 100 ug. equivalents per ml. (One 
particularly troublesome bacterial contaminant was en- 
countered in our laboratory. It consisted of a thin bacillus, 
growing in packets, often surrounded with masses of mucoid 
material, and it became numerous about the Sth day. It was 
traced to an infection inside the eggs used for embryo extract, 
and it could be removed by filtration of the extract, although 
filtration also removed much of the growth-stimulating 
activity.) The fluid in the flasks is changed at intervals of 
3-4 days, or more frequently if it becomes acid before this 
time. When working with canaries, from which it is difficult 
to obtain serum, it is quite practical to use fowl serum for the 
fluid medium. The necessary plasma is best derived from 
fowls in all cases. Minor modifications of the technique have 
been made by other workers. Thus the bottom of a Carrel 
flask may be removed and replaced by a large coverslip 
(fastened by cement) on which the cultures are grown 
(Zuckermann, 1946) or small pieces of coverslip may be fixed 
inside roller tubes (Lewert, 1950). 


2. Description of Growth 


In cultures from spleen, the cells which multiply are mostly 
fibroblasts and macrophages. After a few days, one or more 
clear areas appear in the sheets of cells forming the colony, 
where the plasma of the original clot has been removed by 
digestion ; and macrophages (spread thin) grow over the 
glass surface thus exposed. This is a favourable site for 
examination of the parasites, but they occur in most parts of 
the cell colony except at the periphery. The number of 
parasites present depends upon the number in the initial 
implant and upon the duration of the culture, but it never 
becomes so great as to endanger the cell colony by over- 
growth. Parasites occur mostly in cells which are obviously 
macrophages, but sometimes they are found in cells which 
have long tapering processes and oval nuclei and which in 
fixed preparations are indistinguishable from fibroblasts. 
Dubin, Laird & Drinnon (1949) report growth in pure cultures 
of fibroblasts. Multiple infections of the cells are very com- 
mon (presumably because a large number of merozoites have 
been liberated in a small space) and as many as 40 small 
forms may sometimes be found in a single cell. Cultures 
have been maintained for 89 days (Hawking, 1945) and 134 
days (Meyer, 1947). Cessation of growth is due to the 
accumulated technical difficulties of tissue culture, apart from 
which there is no reason why cultivation should not be 
maintained indefinitely. 

Morphologically the parasites closely resemble the exo- 
erythrocytic forms of P. gallinaceum as they occur in the 
reticulo-endothelial cells of chicks, allowance being made for 
the differing shape of the host cells in the two cases ; but the 
long sausage-shaped parasites, with several hundred pieces of 
chromatin, which occur in capillaries of the brain, heart, and 
other organs, are not found. The tissue-culture forms are 
remarkable in that the young parasites usually contain a 
prominent granule, presumably of volutin, near each piece of 
chromatin ; many parasites also have a vacuole. But 
similar appearances may be seen in vivo, and their prominence 
in vitro may be merely an indication of slightly abnormal 
growth. It is not clear whether the schizonts in tissue culture 
correspond to cryptozoites and metacryptozoites (i.e., 
primary excerythrocytic forms, developing directly or within 
one or two generations from sporozoites) or to phanero- 
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zoites (i.e., secondary exoerythrocytic forms developing after 
the blood infection has taken place). On the one hand they 
are morphologically similar to cryptozoites and metacry »to- 
zoites as described by Huff & Coulston (1944) in the chick and 
by Dubin et al. (1949) in tissue culture. On the other hand, 
when the cultures have been made from chicks infected by the 
injection of blood, they must be derived from phanerozoites. 
Probably the distinction between metacryptozoites and 
phanerozoites is dependent more on their different origins 
than on their biological properties. 

Particular attention may be paid to the merozoites, which 
are of two types, micromerozoites and macromerozoites. 
The micromerozoite of P. gallinaceum or P. lophurae (fig. 8) 
consists ‘of a rounded mass of chromatin 1—1.5 w. across ; 
the surrounding cytoplasm is often arranged lopsidedly so 
that the whole merozoite forms a round or egg-shaped mass 
1.5-2.5 u. long. This is the common type of merozoite, 
and some are usually present in most cultures of several days’ 
duration. The macromerozoites (fig. 7) have similar chro- 
matin but the cytoplasm is more abundant and elongated, 
measuring about | X 3 yu. Usually one end is pointed while 
the other is rounded or squared, and a prominent volutin 
granule is often present. These forms are usually rare; but 
occasional cultures may contain many such schizogonies and 
they are then very striking. The conditions which favour their 
development are not clear. Merozoites of these two types 
also occur in vivo. According to Mudrow & Reichenow 
(1944) the macromerozoites parasitize tissue cells while 
the micromerozoites parasitize erythrocytes. In that case, 
propagation in tissue culture would depend upon the macro- 
merozoites. (See also figs. 1-13.) 


3. Species of Plasmodia Grown 


’ To date, growth in tissue culture of the following species of 

plasmodia has been described : P. gallinaceum by Hawking 
(1945), Zuckermann (1946), Dubin (1947), Meyer (1947), 
Gramiccia & Black (1948), Porter (1948) and Lewert (1950) ; 
P. relictum by Hawking (1946) ; P. lophurae by Tonkin & 
Hawking (1947) ; and P. cathemerium by Hegner & Wolfson 
(1939). Presumably this technique is applicable to any 
intracellular parasite which grows inside a cell which can 
conveniently be grown in tissue culture. Accordingly, 
exoerythrocytic forms of all avian plasmodia and of most 
related parasites should be amenable to cultivation in this 
way. Culture of the exoerythrocytic forms of human and 
similar plasmodia will probably be less easy, since hepatic 
parenchymatous cells are difficult to grow in vitro ; but it 
will doubtless be achieved in due course. 


4. Infection of Cultures by Sporozoites 


Unsuccessful attempts to infect tissue cultures by means of 
sporozoites of P. gallinaceum were made by Rodhain, 
Gavrilov & Cowez (1940), Paraense, Meyer & Menezes 
(1942), Hawking (1945) and Porter (1948) ; but Hawking 
(1945) showed that parasites might develop in cultures of 
cells made from the spleen one hour after intravenous 
inoculation of the chick with sporozoites. Success was 
achieved by Dubin et al. (1949, 1950), who obtained abundant 
growth of cryptozoites in macrophages derived from the 
chick’s spleen. In their technique, growth of bacteria was 
controlled by the presence of antibiotics in the nutrient 
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Parasites with one piece of chromatin 
Parasite with three pieces of chromatin 
Parasite with fourteen pieces of chromatin 


Schizont with many pieces of chromatin 
Schizonts with chromatin arranged round clear areas of cytoplasm 


Macromerozoites 
Micromerozoites 


Figs. 1-7 : magnification x 3,250 
Fig. 8: magnification slightly greater 
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EXOERYTHROCYTIC FORMS OF P. GALLINACEUM IN TISSUE CULTURE 
(FIGS. 9—13) 
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FIG. 9 Cell with small mononuclear parasites 
10 Large macrophage with nine schizonts 


11 Macrophage containing two schizonts with peripheral 
arrangement of chromatin 


12 Schizogony liberating macromerozoites 
13 Schizogony liberating micromerozoites 


Figs. 9-13 : magnification x 1,250 
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medium, viz. 100 units penicillin and 100 ug. streptomycin 
per cm.°, the medium being changed every 48 hours, and 
additional antibiotic (equivalent to half these amounts) was 
added at 24 and 72 hours. Moreover, care was taken to 
obtain very vigorous cultures of macrophages before inocu- 
lation with sporozoites. Growth of the parasites was main- 
tained for more than 7 days. Morphologically they were 
indistinguishable from the cultures made from post-erythro- 
cytic forms which have already been discussed. Two attempts 
with the same technique to grow sporozoites of P. vivax in 
cultures made from human marrow, or human liver, were 
unsuccessful. 


5. Transmission of Infection in Tissue Culture 


The forms grown in tissue culture are infective when 
injected into fresh chicks (Hawking, 1945 ; Laird, Dubin & 
Drinnon, 1950 ; Lewert, 1950). The resulting infection in 
the chicks is predominantly exoerythrocytic in character. 
The chicks die with numerous exoerythrocytic forms in the 
capillaries of the brains and other organs ; and often this 
happens before the erythrocytes have begun to be infected. 
If the strain is continued by the transmission of blood to 
fresh chicks, it gradually reverts to the usual type of infection 
predominantly affecting the red blood corpuscles (Lewert, 
1950). Infection can be transmitted from one cell colony to 
another inside the same Carrel flask. This occurs fairly 
readily if the flask is subjected to continual rocking to mix its 
contents ; it seldom occurs if the flask is kept at rest (Hawking, 
1945). It is not certain that the infection is transmitted by 
merozoites passing from one cell colony to another ; it 
might be due to the migration of infected macrophages which 
often occurs in such flasks. It has not yet been possible to 
demonstrate the transmission of infection from a tissue 
culture to erythrocytes placed in contact with it. 


6. Conditions Affecting Growth 


The influence of the environment upon the growth of the 
parasites is difficult to disentangle from the influence upon the 
growth of the cells which contain them. Many conditions 
which appear to favour the parasites probably do so indirectly 
by promoting more healthy growth of the host cells, and 
conversely. The concentration of serum in the fluid medium 
may range from 50% to 10% without making much differ- 
ence; concentrations as low as 3% are less favourable, but 
growth still occurs. The reaction can vary from pH 7.2 to 
pH 8.0 without disturbing optimal growth of the parasites. 
Apparently, macrophages tolerate a wider range and show 
optimal growth between pH 6.8 and pH 8.2; less growth 
occurs at pH 6.6 and pH 8.4 ; growth ceases at pH 6.4 and 
pH 9.0 (Dubin & Yen, 1950). Concentrations of oxygen of 
between 10% and 40% are well tolerated by the parasites ; 
the cells tolerate 100% oxygen, but the response of the 
parasites is doubtful ; in low concentrations, growth of cells 
and parasites is very limited, and in absence of oxygen, it 
ceases altogether. Good cultures can be obtained in the 
presence of glutathione 0.001 and 0.01%, but no growth of 
cells occurs in 0.1%. Red-cell extract (which favours the 
survival of endoerythrocytic forms) did not markedly influence 
growth (Hawking, 1945). In general, the rate of multipli- 
cation in tissue culture is distinctly less than that which occurs 
in the chick ; otherwise the tiny volume occupied by one of 
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these tissue cultures would soon be swamped by parasites 
—but this does not occur. 


7. Significance and Utilization of Tissue Cultures 


The chief use which has been made of these tissue cultures 
to date has been to study the morphology of the parasites at 
different stages of their development. For this purpose the 
cultures are very favourable, as large numbers of parasites 
may be grown in a small space and they develop in a single 
optical plane ready for microscopical examination without 
the distortion produced by smearing or sectioning. Heavily 
infected cultures should be suitable for direct study of living 
parasites by phase-contrast and other new optical techniques, 
although it must be admitted that the unstained parasites are 
difficult to recognize and identify by ordinary microscopical 
methods. The demonstration by Dubin et al. (1949) that 
cultures can be infected by sporozoites opens up great possi- 
bilities for studying the early development of pre-erythrocytic 
forms, especially in mammalian malaria, in which direct study 
of liver sections has not yet disclosed forms developing during 
the first three days. Unsuccessful attempts to study the 
development of P. vivax in this way have been reported by 
Dubin et al. (1950), but there are still technical difficulties to 
surmount before this can be accomplished. A search for the 
possible development of P. vivax in cultures of human bone- 
marrow was made by Dubin (1947, 1948). 

Another application of the technique has been in the field 
of chemotherapy. The action of numerous antimalarial 
compounds upon the exoerythrocytic forms of P. gallinaceum 
was studied by Tonkin (#946). She found that many of the 
well-known compounds, e.g. quinine and mepacrine, were 
harmless to the parasites in the maximum concentration 
which could be tolerated by the cells; but growth of 
the parasite was selectively inhibited by sulphonamides, 
m-aminobenzenesulphonamidopyrimidine, streptomycin, and 
p-anisylguanidine. Paludrine had no selective action upon 
the parasites. The contrast between Tonkin’s observations 
and the claim by Davey (1946) that paludrine destroyed 
exoerythrocytic forms in vivo led to further examination of 
paludrine by Hawking & Perry (1948) who found by this 
technique, and by that of Bass & Johns (1912), that paludrine 
was “activated” in the body (presumably by chemical 
conversion into a more active compound) before it became 
parasiticidal. (Similar use has been made of tissue cultures to 
investigate the action of drugs on the intracellular forms of 
Trypanosoma cruzi (Lock, 1950).) Tissue culture has been 
used by Lewert (1950) to facilitate the production of a 
predominantly exoerythrocytic strain of P. gallinaceum by 
inoculation from the cultures into chicks. No utilization for 
biochemical study of the parasites has yet been reported ; 
such study would be difficult because the mass and metabolic 
activity of the cell colony are much greater than those of the 
intracellular parasites which they enclose. 


8. Other Cultures of Plasmodia 


To complete this review, brief reference must be made to 
three related lines of investigation although they do not 
strictly fall under the title of this paper. 

i. Many workers have attempted to produce infections of 
P. gallinaceum in the embryos of developing eggs. Early 
experiments were reported by Wolfson (1940) and by Stauber 
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& Van Dyke (1945). Consistent success with heavy infections 
was achieved by Zuckermann (1946), who explanted chick 
brain containing exoerythrocytic forms on to the chorio- 
allantoic membrane, and by Haas, Feldman & Ewing (1945), 
and Hass & Ewing (1945), who injected parasitized blood into 
the embryos intravenously or exposed the embryos to the 
bites of infected mosquitoes. The plasmodial infections 
which develop in chick embryos are similar to the corre- 
sponding infections which develop in young chicks. This 
technique has recently been used by McGhee (1949) to show 
that under special conditions P. lophurae can develop in 
mammalian erythrocytes. 

ii. Attempts to grow the endoerythrocytic forms of malaria 
parasites in vitru were first made by Bass & Johns in 1912. 
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In spite of the enormous toll of human lives exacted yearly 
by malaria, which Findlay (1951) estimates at 2 to 3 million, 
the parasites which cause this most widespread of all diseases 
had, up to a few years ago, been neglected by all but the syste- 
matic protozoologist. This state of affairs was largely due to 
the fact that infections in laboratory animals, apart from 
birds, were not available for experimental study. Natural 
infections had been known in monkeys for a number of years 
but were not regularly maintained in laboratories. Inocula- 
tion of Macacus rhesus, the common Indian monkey, with 
blood from Silenus irus, a Malayan monkey, naturally infected 
with a plasmodium, gave rise to a most virulent infection 
which almost invariably caused the death of the new host, 80% 
or more of the red blood-cells being parasitized (Knowles & 
Das Gupta, 1932). The parasite more nearly resembled 
that of human malaria than any hitherto described and, as 
these authors showed, was able to infect man. It was 
given the name Plasmodium knowlesi and a new species was 
created (Sinton & Mulligan, 1932). The fact that infection 
with P. knowlesi was fatal to M. rhesus if untreated, but could 
be controlled by quinine or atebrin (mepacrine) with the 
subsequent production of relapses, made this host a suitable 
subject for chemotherapeutic tests, in spite of the fact that the 
natural mosquito vector has not been found. A new field for 
experimental research was now opened up and this fact was 
early recognized by Sir Rickard Christophers who, soon after 
its discovery, maintained a strain of P. knowlesi at the London 
School of Hygiene and Tropical Medicine. A series of 
researches on the respiratory metabolism of this parasite was 
initiated there and the first results were published in 1938 
(Christophers & Fulton, 1938). With the advent of war, 
research on malaria was intensified, especially in America, 
and numerous investigations on the biochemistry of erythro- 
cytic stages of malaria parasites were undertaken in an attempt 
to solve some of the fundamental problems of malaria. In 
these researches the monkey parasites P. knowlesi, P. cynomolgi 
and P. inui have been used, as well as the avian plasmodia 
P. cathemerium, P. gallinaceum, and P. lophurae. A few 
investigations have also been carried out with the plasmodia 
which infect man, including P. vivax, P. falciparum, and 
P. malariae, but the numbers present in human blood are 


generally too small for experimental use. The earlier series 
of experiments on the metabolism of plasmodia are described 
below in chronological sequence. 


1. Respiratory and Carbohydrate Metabolism of Plasmodia 


In the original experiments (Christophers & Fulton, 1938), 
the parasite material was obtained by differential centrifuga- 
tion of the defibrinated blood of monkeys infected with 
P. knowlesi, at a time when parasitaemia was such that the 
life of the animal was threatened. By killing the animal at a 
suitable stage of the infection, the presence of leucocytes can 
almost entirely be avoided. The asexual developmental 
cycle of this parasite occupies 24 hours and gives rise to a 
highly synchronous infection, with occurrence of sporulation 
about noon. By centrifugation at 2,000 rev./min. for 45 min. 
the large forms of the parasite separated as a brown layer 
above the non-infected red cells. This brown layer was 
pipetted off, resuspended in monkey serum and again centri- 
fuged at the same speed for a similar period. The parasitized 
material still within the remains of red cells was separated in 
the desired amount by calibrated pipettes, and suspended in 
serum-Ringer-buffer, pH 7.4, for measurement of respiration. 
By this means a highly uniform preparation was obtained. 
Typical percentage differential counts of suspensions are 
given in Table I. 


TABLE |. TYPICAL PERCENTAGE DIFFERENTIAL 
COUNTS OF PLASMODIUM KNOWLES! PARASITES 
IN CENTRIFUGED BLOOD OF TWO MONKEYS 





Monkey | Monkey 2 


Full-grown schizonts . > ‘ | 
Three-quarters-grown schizonts , 7 
Half-grown schizonts 
Rings and small forms 
Leucocytes ‘ : 
Uninfected red cells 











Whole blood obtained directly from a monkey was also 
used, the oxygen uptake being sufficiently large to make its 
use practicable in respiration experiments, but this line of 
enquiry was not systematically followed. Conventional 
Barcroft differential manometers were used for the measure- 
ment of gas exchanges. After being shaken for some hours in 
these vessels, the experimental material was as infective for 
fresh hosts as newly-drawn blood. By the use of saponin, 
parasites were also isolated in mass, free from the remains of 
red cells or haemoglobin (Christophers & Fulton, 1939). 
Those obtained in this way stained normally and showed little 
or no fragmentation (figs. 1-6). Free parasites obtained by 
the use of saponin did not utilize as much oxygen as those in 
red cells, but a percentage remained viable since the substance 
proved infective on inoculation. The increase in the incuba- 
tion period, however, suggested that some parasites had died 
or were handicapped in producing infection by absence of the 
host cell. 

It was found that the parasites utilized oxygen at a steady 
rate over a period of some hours in absence of added glucose 
or other substrate. This result was thought to be due to the 
fact that an oxidizable substrate was carried by the parasites. 
Subsequent experimental evidence suggests that the unknown 
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FIGS. 1-6. FRESH AND STAINED FILMS OF MONKEY BLOOD INFECTED WITH P. KNOWLESI, SHOWING THE 
RESULT OF DIFFERENTIAL CENTRIFUGATION AND TREATMENT WITH SAPONIN 
J. D. Fulton 
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FIG. 1. Heavily parasitized blood of Macacus rhesus, as used FIG. 2. 


Parasite substance, showing parasites still surrounded 
in preparation of parasite substance; stained preparation by the host cell; stained preparation (magnification x 500) 
(magnification 500) 
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FIG. 3. Parasite substance as in fig. 2; fresh unstained preparation 
(magnification x 500) 
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FIG. 4. Parasite substance as prepared after saponin treatment, 


showing parasites in mass, free from the host cell; fresh 
unstained preparation (magnification x 500) 
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FIG. 5. Parasite substance as in fig. 4; stained preparation 
(magnification « 500) 


FIG. 6. Ring-stage parasite material as prepared by saponin treatment of red 
cells heavily infected with ring forms; stained preparation (magnification x 500) 
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substrate is of carbohydrate nature and is oxidized over the 
same pathway as glucose (Speck, Moulder & Evans, 1946). 
However, if glucose was added it disappeared from the 
medium within half an hour and was apparently not converted 
to glycogen. Other substrates tested, including succinate, 
lactate and glutamate, failed to increase the rate of oxygen 
uptake in unwashed parasites. The haemoglobin of the red 
cell was altered if not split up. In the well-buffered medium 
used, the production of acids was not detected but it was later 
shown that monkey blood infected with P. knowlesi rapidly 
converted glucose to lactate and pyruvate, with subsequent 
partial oxidation of these substances (Wendel & Kimball, 
1942). Since it had been known for a long time that quinine 
had ihe property of inhibiting certain enzymes, it seemed 
possible that the therapeutic effect of this and other sub- 
stances might be measured by their power to inhibit the 
respiration of the malaria parasite. The quantitative effect 
of known concentrations of various chemical compounds on 
the oxygen uptake by malaria parasites was therefore investi- 
gated, by methods similar to those described above (Fulton 
& Christophers, 1938). The inhibitory effect was found to 
be in some degree parallel to the therapeutic effect, some 
known antimalarials being effective while certain others were 
not. It appeared to the authors that the inhibition observed 
in vitro reflected to some extent the course of events in vivo 
and that the method might with advantage be employed in the 
search for new therapeutic agents. It was not assumed, 
however, that the inhibition of oxygen uptake was equivalent 
to antimalarial activity or indicated the mode of action of a 
substance. Cyanide was found to be a very effective respira- 
tory inhibitor, suggesting that P. knowlesi may use oxygen by 
means of a heavy metal respiratory enzyme. It was later 
found (Wendel, 1946), when the activity of a series of 76 
hydroxynaphthoquinones was compared on P. lophurae in 
vitro, that 69 of these substances inhibited respiratory activity 
in a manner which was correlated with activity in vivo. 
Investigations made with P. knowlesi in parasitized cells and 
also with material in which the parasites had been freed from 
red cells by saponin indicated that, out of a large number of 
different sugars used as substrates, only glucose, laevulose, 
mannose, maltose and glycerol were oxidized by the parasites 
(Fulton, 1939). No clear evidence of phosphorylation of 
glucose by the parasite was obtained, and hexose di- and mono- 
phosphates were not utilized. 

The above results were confirmed and extended by Maier 
& Coggeshall (1941), who expressed the view that certain 
fundamental problems in malaria could be solved probably 
only through increased knowledge of the metabolism of 
plasmodia. They employed five species of plasmodia in 
their respiratory studies, P. knowlesi, P. inui, and P. cynomolgi 
from monkeys, and the avian plasmodia P. cathemerium and 
P. lophurae. They observed that oxygen uptake by the 
parasites increased as they developed from the ring stage to 
the segmenting stage. The absence of any effect on respira- 
tion of the substances which take part in the Krebs cycle 
suggested that it did not play a part in metabolism, but later 
work (Speck et al. 1946) with P. gallinaceum indicated that 
pyruvate is actually formed from glucose by a phosphorylat- 
ing mechanism and is oxidized via the tricarboxylic cycle. 
An investigation (Coggeshall & Maier, 1941) of the possibility 
of assaying antimalarial drugs by comparing the results on 
respiration of malaria parasites in vitro with those obtained 
in vivo led to the conclusion that the effects obtained by the 
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two methods could not be uniformly correlated when different 
species of plasmodia were employed. By making use of the 
highly synchronous infection of P. cathemerium in canaries 
(Velick, 1942), it was shown that oxygen consumption of the 
parasite increased with development and was markedly 
accelerated when nuclear division began, associated with an 
increase in the respiratory quotient and cytochrome oxidase 
activity. : 

The comprehensive studies (Wendel, 1943) on the metabo- 
lism of P. knowlesi were concerned specially with the relation 
between glucose metabolism and oxygen consumption. The 
influence of hydrogen ion concentration, the osmotic pressure 
of the medium, the presence of specific ions and other factors 
such as anaerobiosis were also investigated. ‘Wendel found 
that half of the glucose utilized was converted to lactic acid 
and the remainder was only partially oxidized. Under 
comparable conditions lactate and glucose were equally good 
substrates, neither being completely oxidized. Anaerobiosis 
stimulated glycolysis by the infected cells, but under these 
conditions in vitro the formation of pyruvic acid was pre- 
vented. Neutralization of the acid in the suspending medium 
was favourable to the continued metabolic activity of the 
parasite. 

An important series of researches on the biochemistry of 
the malaria parasite, in which P. gallinaceum was used, was 
then begun by Evans and colleagues. This parasite inchickens 
gives rise to an asynchronous type of infection and the parasite 
inhabits a nucleated red cell, but it possesses the advantage 
that material for study is readily available from the chicken 
host. In the earlier work (Silverman et al. 1944) the chief 
metabolic characters of P. gallinaceum were studied and the 
actions of the antimalarials, quinine and atebrin (mepacrine) 
were analyzed in terms of the data obtained. The authors 
found that a good correlation existed between the parasite 
area and metabolic activity. A high oxygen tension, as 
verified by later authors, reduced such activity. The con- 
sumption of glucose and oxygen was approximately 70 times 
that of the normal erythrocyte under favourable conditions. 
Lactate and also pyruvate were utilized at a rate similar to 
that of glucose. The products of aerobic metabolism were 
water, carbon dioxide, lactic acid, pyruvic acid and traces of 
succinic acid. The rapid formation and accumulation of 
lactic acid was a striking feature of glucose break-down. The 
lactate was subsequently almost completely oxidized in air to 
CO, and water. The carbohydrate metabolism of the 
parasite thus resembles that of other organisms in which the 
oxidation of glucose proceeds via the formation of pyruvate. 
Anaerobically, lactic acid alone was formed from glucose. 
Both aerobic and anaerobic glycolysis were inhibited by 
quinine which, like atebrin, reduced oxygen uptake in low 
concentrations. In four experiments with radioactive carbon 
only one positive result was obtained, which indicated that 
carbon dioxide was fixed by the parasite. 

In studying the mechanism of formation of lactic acid from 
glucose (Speck & Evans, 1945a), a cell-free extract was 
prepared from P. gallinaceum capable of converting glucose to 
lactic acid in vitro. Enzymes were shown to be present in 
these extracts which catalyzed (i) the phosphorylation of 
glucose by adenosine triphosphate, (ii) the formation from 
fructose-1 : 6-diphosphate of 3-phosphoglyceraldehyde and 
(iii) the dismutation of the latter to pyruvic acid. It was thus 
established that a malaria parasite may effect glycolysis by a 
mechanism similar to that of other organisms. Later, the 
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same authors (Speck & Evans, 1945b) found that quinine and 
atebrin inhibited glycolysis, the former being, however, active 
in preventing oxidative removal of lactic acid rather than in 
interfering with its formation. The effect of these drugs on 
the phosphorylation of glucose and the dehydrogenation of 
3-phosphoglyceraldehyde was studied. Atebrin, and in 
lesser degree quinine, inhibited hexokinase—the enzyme 
which phosphorylates glucose—as well as the enzyme lactic 
dehydrogenase, but not 3-phosphoglyceraldehyde dehydro- 
genase. The authors considered it unlikely that the inhibition 
of glycolysis in P. gallinaceum was involved in the therapeutic 
activity of these drugs, but rather that interference with oxida- 
tive metabolism, especially that concerned with lactate and 
pyruvate, was more important. Experiments on similar 
lines were reported by Marshall (1948). 

The mechanism of pyruvate oxidation by P. gallinaceum 
within the red cell, and also when freed from it by means of 
haemolytic serum, was studied by Speck, Moulder & Evans 
(1946). It was known from earlier work that oxygen con- 
sumption in parasitized cells was approximately the same with 
glucose, lactate or pyruvate as substrate. In view of the 
general similarity to reactions known to occur in the oxidation 
of glucose through pyruvate as intermediate, it appeared that 
oxidation of the latter might occur through the tricarboxylic 
acid cycle (Krebs, 1943), in spite of the report of earlier authors 
that certain intermediates in this cycle were not oxidized by 
P. knowlesi. The authors found in preparations both of 
parasitized red cells and of free parasites that oxidation of 
pyruvate to carbon dioxide and water occurred via this cycle. 
In free parasites appreciable quantities of acetate were also 
formed, whereas in parasitized erythrocytes pyruvate was 
oxidized to acetate only in the presence of high concentrations 
of the former. It was concluded that glucose and lactate 
were oxidized by the same pathway as pyruvate. Whereas 
free parasites required co-factors for oxidation of pyruvate, 
the parasitized red cells did not. Chemical and metabolic 
studies on monkey blood infected with P. knowlesi (McKee 
et al. 1946) confirmed the results of earlier authors, and in 
subsequent investigations attention was directed by this 
group of workers mainly to obtaining information which 
would allow malaria parasites to be cultured in vitro; these 
are described in section 3. 

From observations on the inhibitory effect of cyanide, 
carbon monoxide and azide on the respiration of different 
species of malaria parasites, and the increase in cytochrome 
oxidase reported during development of P. cathemerium, there 
is a strong possibility that a heavy metal respiratory catalyst, 
either of the iron-porphyrin system, or one containing copper, 
is associated with oxygen transport. Other studies have 
indicated the presence of flavoproteins in P. lophurae (Bovar- 
nick, Lindsay & Hellerman, 1946a, 1946b) and their presence 
in P. knowlesi is suggested by the increase in flavin adenine 
dinucleotide during its growth cycle (Ball et al. 1948). The 
presence of dehydrogenases in cell-free extracts of P. gallina- 
ceum which require diphosphopyridine nucleotide (DPN) and 
triphosphopyridine nucleotide (TPN) for activity has been 
referred to above. Since the mechanism of glucose oxidation 
in the latter parasite has been determined the nature of the 
other enzymes present may be inferred. 


2. Nitrogen Metabolism 


In most of the parasites referred to in this article the 


developmental cycle occupies from 24 to 48 hours. During 
this time the number of parasites may increase 10-fold, with 
consequent great demand for the synthesis of parasite protein. 
It had long been believed (Brown, 1911), and was subsequently 
established, that part of the nitrogen requirements of plas- 
modia was obtained from globin of the host-cell haemoglobin 
and part from the plasma in which they are normally bathed. 
The oxyhaemoglobin of P. knowlesi-parasitized cells was 
shown to disappear in part during incubation for some hours 
in vitro, while that of non-parasitized cells remained unaffected 
(Christophers & Fulton, 1938). These authors also showed 
that under similar conditions of incubation there was an 
increase in non-protein nitrogen in the medium with para- 
sitized cells, smaller changes in amino-nitrogen and none in 
the case of ammonia. It was later observed (Wendel, 1943) 
that ammonia was formed by this parasite in absence of 
glucose. The loss of haemoglobin was also noted (Black, 
1947) in red cells parasitized with human, monkey or avian 
plasmodial species. The conversion of haemoglobin to 
haematin by P. knowlesi was observed by spectroscopic 
methods in parasites which had been cultivated both in vitro 
and in vivo by Ball et a/. (1948). They found that nearly all 
the haemoglobin of the host cell was destroyed, and this result 
was confirmed (Morrison & Jeskey, 1947, 1948). These last 
authors showed that a considerable part of the amino- 
acids obtained from the protein of red cells is utilized by 
the parasites for the synthesis of protein. Similar results 
were recorded (Moulder & Evans, 1946) in the case of P. 
gallinaceum. 

These authors made the most complete study to date of the 
nitrogen metabolism of plasmodia. They found that para- 
sitized chicken erythrocytes, incubated aerobically in presence 
of glucose, produced considerable quantities of amino- 
nitrogen. If glucose was absent the amino-nitrogen appeared 
mostly as ammonia. The production of amino-nitrogen was 
also reduced under anaerobic conditions, even in the presence 
of glucose or of low concentrations of quinine or atebrin. 
The inhibition of the formation of amino-nitrogen in presence 
of these drugs was thought to be due to inhibition of protein 
hydrolysis, which was effected in the case of haemoglobin and 
of denatured globin by cell-free extracts of this parasite. The 
formation of amino-nitrogen from the globin was not in- 
hibited by anaerobic conditions and by only relatively high 
concentrations of the above drugs. Earlier experiments 
(Silverman et al. 1944) had shown the importance of carbohy- 
drate metabolism in P. gallinaceum, and the manner in which 
it was affected by these two drugs in low concentration. It 
was concluded therefore that protein hydrolysis in the intact 
parasite was intimately linked with carbohydrate oxidation. 
Since amino-acids produced but little stimulation of P. 
knowlesi respiration (McKee et al. 1946), it appeared that only 
small amounts of these substances were consumed during 
oxidative processes. The observation that methionine had 
to be supplied to P. knowlesi for satisfactory growth in vitro 
(Geiman & McKee, 1950) may be related to the fact that 
haemoglobin, which supplies some of the amino-acids for 
protein synthesis, contains only about 1% of methionine in 
contrast to the 3 or 4% present in other proteins, the smaller 
amount being apparently insufficient for parasite needs. It is 


- pointed out (Geiman, 1948) that asexual stages of plasmodia 


are not true intracellular parasites, in so far as they require 
substances from without the host cell for growth and multi- 
plication. 
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The metabolism of other nitrogen compounds has been 
referred to in connexion with cultivation experiments (Ball 
et al. 1948). 

It would be convenient at this point to indicate the nature 
of the pigment formed by malaria parasites during the normal 
process of metabolism, as the result of break-down of haemo- 
globin of the host cell. That of P. falciparum, obtained by 
extraction of infected liver and spleen, was identified as 
haematin by spectroscopic and other tests, including the 
presence of iron, which therefore excluded melanin (Brown, 
1911). The pigment from monkey cells heavily parasitized 
with P. knowlesi was also shown, by chemical and physical 
tests, to be haematin (Ghosh & Sinton, 1934; Sinton & Ghosh, 
1934a, 1934b). Further evidence of its haematin nature was 
provided (Devine & Fulton, 1941; Morrison & Anderson, 
1942). The pigment of P. knowlesi and of P. gallinaceum 
was subsequently extracted by a method which completely 
avoided the use of alkali, followed by conversion of the 
product to crystalline haemin and pyridine haemochromogen 
(Rimington, Fulton & Sheinman, 1947). A comparison of 
the spectral absorption of malaria pigment and of haemin 
in different solvents, as well as of the visible bands and Soret 
bands of their haemoglobin derivatives, was then made. 
The identity of both pigments with haematin was confirmed 
beyond all reasonable doubt. 

During the investigations on nitrogen metabolism described 
above, the presence of proteinases in cell-free extracts of 
P. gallinaceum was demonstrated. The presence of deamin- 
ases in that parasite must also be inferred. Other authors 
(Miller & Kozloff, 1947) have shown that in the free parasites 
enzymes are present which depolymerize ribose nucleic acid 
and effect its degradation to nucleotides and inorganic 
phosphorus. 


3. Cultivation 


Early attempts to culture human plasmodia (Bass, 1911, 
1912; Bass & Johns, 1912) met with limited success. More 
promising results (Trager, 1941, 1943) were reported when 
P. lophurae, an avian parasite, was used. Trager made a 
systematic study of the in vitro conditions necessary for the 
survival of a malaria parasite, and was able to keep P. 
lophurae alive for a period of approximately 2 weeks at a 
temperature of 40-41° C. A medium of duck red-cell extract 
in balanced salt solution was used with addition of glutathione, 
glucose or glycogen, serum, embryo extract and calcium 
pantothenate. Daily replacement of the medium and of 
normal red cells was also necessary and the preparations were 
gently rocked. In a number of cases an increase in parasite 
numbers occurred during the first few days. 

More complete studies have since been reported (Ball! et al. 
1945, 1948; McKee et al. 1946; Geiman et al. 1946; Anfinsen 
et al. 1946). These authors were of the opinion that all 
aspects of the malaria problem, including metabolism, 
nutrition, immunology and chemotherapy of malaria para- 
sites could best be studied with parasites grown in vitro. 
Most of their investigations were carried out with P. knowlesi, 
but attempts were also made to culture human malaria 
parasites. Two types of technique were used, first the rocker- 
dilution method in which | part of whole blood and 3 parts of 
a complicated nutrient medium composed of inorganic sub- 
stances, sugars, amino-acids, vitamins, purines, pyrimidines 
and p-aminobenzoic acid, adjusted to pH 7.45 + 0.1, were 
used in a vessel with gas inlet and outlet tubes. The whole 
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was kept in gentle inotion on a rocker while a mixture of CO, 
and air was passed over the surface, under sterile conditions, 
at a temperature of 38.5° C. The inorganic composition of 
the medium was based on the analysis of monkey blood and 
that of the organic components on a knowledge of the re- 
quirements of other organisms. Its composition was known 
except for the proteose peptone present. The best results 
were obtained when parasites were not too numerous, and this 
condition was attained by suitably diluting with fresh normal 
blood of the host. The second technique, known as the 
rocker-perfusion method, was employed in two ways. When 
the volume of blood was small a cellophan membrane was 
stretched over the end of a test-tube containing the para- 
sitized blood and kept wetted with the nutrient fluid. For 
larger volumes of blood a cellophan tube filled with nutrient 
fluid, which flowed through it, was immersed in the parasitized 
blood. The apparatus was gently rocked under the same 
atmospheric conditions as above. Each culture period was 
limited to 24 hours, which corresponds to the developmental 
cycle of the parasite. For each sub-culture the nutrient 
material was renewed and the original blood diluted with 
fresh material. In a series of 235 culture experiments the 
increase in the number of parasites ranged from 2- to 11-fold 
and the average increase was 4-fold, being very similar to the 
increase observed in infected monkeys. Growth was judged 
by cytological examination of the specimens. The infectivity 
of blood cultured over seven generations was proved by 
inoculation into fresh animals. 

The perfusion technique was found to be well suited for 
studying the nutrient requirements of the parasites, and the 
rocker-dilution method for testing the action of antimalarial 
drugs. When the technique of cultivation had reached a satis- 
factory stage chemical and metabolic studies were made on 
parasites grown in vivo and in vitro and the results compared. 
It was observed in this connexion that parasites being cultured 
in a good medium can obtain energy, in sufficient amounts 
for their needs, from anaerobic processes. A high oxygen 
tension was definitely harmful to the parasites, whereas a 
very low oxygen tension permitted satisfactory growth and 
multiplication. An atmosphere approaching that of alveolar 
air was generally used in routine experiments. When the 
protease peptone present in the nutrient medium was replaced 
by p-aminobenzoic acid results were equally satisfactory. 
The nutritional requirement of this acid and of glucose was 
established. It was shown (McKee & Geiman, 1948) that 
P. knowlesi also requires methionine for growth and multi- 
plication in vitro. There was apparently some nutritional 
factor present in red cells and in plasma which added to the 
difficulty of this type of investigation. When success had 
been attained in culture experiments the authors (Ball ef al. 
1948) investigated the biochemical changes occurring during 
multiplication in vivo and in vitro. Some differences were 
observed, the chief being that parasites grown in vitro con- 
sumed less oxygen than those grown in vivo, and the pattern 
of phosphorus metabolism was also different. The pattern 
of carbohydrate metabolism by P. knowlesi closely resembled 
that previously described for P. gallinaceum (Silverman et al. 
1944). 

As growth proceeded the consumption of glucose and 
oxygen increased, the molar ratio of these two substances 
utilized being approximately 1. The chief product formed 
was lactic acid. Analysis of the chemical components 
during growth showed an increase in fatty acids of 4- to 5-fold, 
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of total P 2- to 4-fold, of 15-minute hydrolyzable P 2- to 4-fold, 
of phospholipids 2- to 4-fold, of nucleic acids (which the para- 
sites appear to be able to synthesize from simpler compounds) 
10- to 20-fold. The importance of these nucleic acids to the 
parasite may be judged by the rapid increase in nuclear 
material during development. Flavin-adenine dinucleotide 
(a coenzyme for several oxidative enzymes) increased 6- to 
15-fold. It could also be synthesized from components of 
the culture medium by normal red cells, but at a slower rate. 
There was a 2- to 3-fold increase in lactic dehydrogenase. 
A 5- to 6-fold increase in total lipids including cholesterol was 
reported (Morrison & Jeskey, 1947) in the same parasite. 
P. knowlesi grown in vitro did not show such marked or con- 
stant changes during development as those grown in vivo. 
It is possible, as the authors suggest, that this result was due to 
some deficiency in the culture medium. There appeared to be 
little neutral fat in normal or parasitized cells. Quantitative 
estimations on the conversion of haemoglobin to haematin 
showed that a nearly complete conversion of haemoglobin 
haematin to free haematin may occur during the full develop- 
mental cycle and no evidence was obtained of the formation 
of an intermediate substance. Nearly all the haemoglobin 
of the host cell is destroyed during the cycle. 


4. Effect of Drugs 


Brief reference has been made in other sections to the effect 
of drugs on the metabolism of malaria parasites. Before 
considering these effects in more detail a short description of 
the results obtained with isolated enzymes will be given, since 
many of the investigations were concerned with the general 
problem of malaria. 

The lipase activity of human and monkey serum was found 
to be inhibited by a number of cinchona alkaloids and synthe- 
tic antimalarials (Fulton, 1936). A similar depression of the 
activity of various lipases occurred with antimalarials pos- 
sessing a quinoline or acridine nucleus (Hellerman, Bovarnick 
& Porter, 1946). The inhibition of oxygen consumption of 
mammalian tissues by atebrin was reported (Wright & Sabine, 
1944). They found that the tissues were subsequently unable 
to oxidize various substrates including glucose and that 
p-amino-acid oxidase was also inhibited. They concluded 
that atebrin interferes with flavo-enzyme systems. Riboflavin 
was also antagonized by a number of other antimalarial 
drugs (Madinaveitia, 1946). Because of the inhibitory 
effects of quinine and atebrin on malaria parasites, an 
examination of the effects of these substances on isolated 
respiratory enzymes was carried out (Haas, 1944). He found 
that cytochrome reductase (a flavo-protein) and glucose-6- 
phosphate dehydrogenase were inhibited by low concentrations 
of atebrin, while cytochrome oxidase was affected in lesser 
degree, triphosphopyridine nucleotide and cytochrome c 
being unaffected. Quinine was much less effective than 
atebrin and suggested to the author that its antimalarial action 
was probably not due to interference with respiratory pro- 
cesses of the parasite. He made an unsuccessful attempt to 
isolate some of the known respiratory catalysts from 
P. knowlesi. Up to the present the isolation of a pure enzyme 
from any malaria parasite has not been accomplished. It is 
an interesting fact (Evans, 1946) that, in spite of the apparent 
similarity in chemical nature of the different species of 
plasmodia, which resembles that of certain other organisms, 
no biochemical explanation of the species specificity of the 
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various infections has been offered. Evans indicates, 
however, that differences do exist in the enzymes from 
malaria parasites and similar enzymes from other sources 
in so far as their sensitivity to antimalarial drugs is con- 
cerned. 

In regard to the effect of quinine and atebrin on different 
species of isolated malaria parasites a number of investigators 
have shown that while in concentrations ranging from 10-* to 
10-4 m (Fulton & Christophers, 1938; Coggeshall & Maier, 
1941; Silverman et al. 1944) oxygen consumption was 
markedly inhibited, the concentration of these substances in 
the serum of animals during successful therapeutic treatment 
was considerably lower. It was found by the last-named 
authors that quinine in a concentration of 10-3 m inhibited the 
formation of lactate from glucose by P. gallinaceum under 
aerobic and anaerobic conditions. High concentrations of 
atebrin also inhibited respiration and glycolysis; in low con- 
centrations glycolysis was not affected. The oxidative 
removal of lactate was found to be prevented by these sub- 
stances when present within the therapeutic range. The 
glycolytic enzymes of P. gallinaceum, hexokinase, and lactic 
dehydrogenase were inhibited by atebrin and to a lesser 
degree by quinine in cell-free preparations (Speck & Evans, 
1945b). Using the same parasite, Marshall (1948) reported 
moderate inhibition of hexokinase and phosphoglyceraldehyde 
dehydrogenase, possibly of lactic dehydrogenase and of some 
step in the oxidation of pyruvate by both quinine and atebrin. 
When chicks infected with P. gallinaceum were treated with 
quinine and the parasites were isolated 24 hours later it was 
found that their carbohydrate metabolism was affected under 
aerobic but not under anaerobic conditions, the oxidation of 
pyruvate via the tricarboxylic acid cycle being inhibited 
(Moulder, 1948). Biochemical evidence from other spheres 
has indicated that, during the oxidation of pyruvate, carbon 
dioxide is formed along with a reactive 2-carbon particle of 
unknown nature. The latter may take part in the above 
cycle or alternatively may give rise to irreversible formation 
of acetate. In parasites of P. gallinaceum obtained from a 
chicken, which had been treated 24 hours previously with 
quinine, and then freed from the host red cell, it was shown 
(Moulder, 1949) that both metabolic pathways were blocked. 
Thus quinine appears to act by preventing the formation of the 
2-carbon particle which is common to both pathways. In 
studying the effect of antimalarials on P. lophurae and upon 
certain isolated enzyme systems (Bovarnick ef al. 1946a, 
1946b; Hellerman, Lindsay & Bovarnick, 1946) it was shown 
that there is competition between adenylic acid and atebrin, 
with the result that phosphorylation reactions essential to the 
metabolism of glucose by this parasite are interfered with. 
Both adenylic acid and adenosine triphosphate exercised a 
specific antagonism to atebrin and other effective drugs in 
substrate-depleted parasite preparations, which suggested 
that there was competition between the drugs and one or both 
of these substances for an enzyme protein. Experimental 
evidence with P. knowlesi (Ball et al. 1948) suggested in this 
connexion that the drug may act by blocking of the co- 
enzyme flavin-adenine dinucleotide, rather than by competing 
with it for the enzyme molecule. 

It was shown (Ball et al. 1945) that p-aminobenzoic acid 
was an essential growth component for the culture of P. 
knowlesi, a concentration of 2 to 10 ug. per litre being required 
(Geiman & McKee, 1950), a fact which would help to explain 
the eradication of this infection in monkeys by sulphanilamide 
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Coggeshall, 1940). The action of p-aminobenzoic acid 
in inhibiting the action of sulphanilamide in P. lophurae 
infections (Marshall, Litchfield & White, 1942) and, as 
shown later, in other infections, thus strongly suggests 
that the antimalarial action of sulphonamides is due to 
their competition with this essential metabolite for certain 
enzymes. 

Attention has already been drawn to an investigation of 
the effect of a series of alkylated $-hydroxy-1 : 4-naphtho- 
quinones on the respiration and carbohydrate metabolism of 
P. knowlesi and P. lophurae, against which they possess anti- 
malarial activity, although they have been found inactive 
in human malaria (Wendel, 1946). Many of these substances 
inhibited respiratory metabolism at concentrations of 10-® m. 
An attempt was made to find if the metabolic fate of these 
substances differed in the various hosts or whether results 
depended on a true species specificity, since correlation of 
results in vivo and in vitro was obtained only with P. lophurae. 
The nature of the substituent group in position 2, and also the 
composition of the medium employed, were found to exert a 
marked influence. Respiratory inhibition was caused chiefly 
through interference with carbohydrate metabolism, which 
resulted in accumulation of lactic acid and prevention of its 
oxidation. 
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5. Summary 


In this short review of the metabolic activities of malaria 
parasites it appears that they resemble closely those of other 
organisms and tissues, including some present in the verte- 
brate host. When the measurement of the oxygen uptake of 
malaria parasites and its inhibition by drugs was undertaken 
it was hoped that the method would prove of value in assaying 
the antimalarial activity of new substances. This hope has 
not so far been fulfilled, but, following the successful culture 
of plasmodia, further progress may be expected in the field of 
in vitro studies. The knowledge that quinine inhibited certain 
enzyme systems and that it was active therapeutically at low 
concentrations suggested that its effect was produced through 
such systems. Many of the investigations which have been 
described here were undertaken in order to find some vulner- 
able link in the metabolic chain and in the growth require- 
ments of malaria parasites, which would provide a clue to the 
synthesis of still more effective antimalarials. While it cannot 
be said that this objective has been attained, the many funda- 
mental facts established regarding the biochemistry of these 
organisms have fully justified the efforts expended. The words 
of Robert Louis Stevenson may not be inappropriate: ‘* To 
travel hopefully is a better thing than to arrive, and the true 
success is to labour.” 
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In spite of the enormous amount of attention paid to malaria 
over the last sixty years, the firm information that has been 
acquired regarding the pathological processes concerned in it 
is depressingly meagre, and synthesis is consequently difficult. 
The recent consideration of the disease from the physiological 
angle has, however, established two significant points: 
first, that many of the intricate problems could not have been 
defined, let alone examined, except by such an approach; 
second, that most of the basic disturbances of the host’s 
physiological make-up that develop during the disease are not 
specific to malaria but are often similar to those appearing in 
many other pathological states (Maegraith, 1948a, 1948b). 

Any attempt to interpret the processes of a disease such as 
malaria in terms of disturbances of the physiological back- 
ground of the infected subject must also take into account the 
parasite, especially from the point of view of its possible 
competition with the host for foodstuffs, essential substances 
and oxygen. It must be appreciated, moreover, that the 
conditions under which the parasite exists will inevitably 
change with the altering physiological state of the sick host, so 
that consideration must be given to the possible effects of 
the host environment on the parasite. This applies not only 
to obvious matters like humoral and cellular immunity 
responses, but to the effects of such things as prevailing 
anaemia and anoxaemia and the carriage and distribution of 
oxygen by haemoglobin. Consideration of these factors 
immediately extends the range of inquiry, because similar 
problems clearly arise in many clinical conditions other than 
malaria. It is not surprising, therefore, to find that certain 
of the functional and anatomical lesions which appear in 
malaria, for example anaemia, are equally manifest in other 
diseases (Maegraith, Andrews & Gall, 1947; Rich, 1930; 
Malamud, Haymaker & Custer, 1946). 

The only common ground on which such things can be 
discussed is the physiological one. The parasitological out- 
look is too narrow, in the sense that it leads to the considera- 
tion of malaria as a special problem, whereas, in fact, in 
many ways it is a general one, and illustrates many patho- 
logical features common to other diseases which, once they 
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have been initiated, are often essentially independent of the 
presence of the parasite. 

The clinical and pathological expressions of malaria are 
protean. In the most serious human form, severe falciparum 
infection, the clinical syndromes may be well defined or 
intricately mixed in the same patient. There may be pre- 
dominantly cerebral symptoms and signs; psychopathic 
states of all kinds; various neuropathies, hemiplegia, general- 
ized paresis, fits resembling those of epilepsy. There may be 
fatal hepatic failure, renal failure, dysenteric and choleraic 
manifestations; acute devastating haemolysis and associated 
haemoglobinuria often accompanied by renal failure. Medi- 
cal shock (Atchley, 1930) may develop with characteristic 
reduction in circulating blood volume. Hyperpyrexia is a 
not uncommon terminal event. On the other hand, the 
patient may be afebrile, especially in the shocked case. 
Moreover, heavy infection of red cells may be present with 
no apparent physical signs or symptoms, and severe symptoms 
may develop in association with apparently mild parasitaemia. 

The physiologist is thus faced with the problem of trying to 
correlate a variety of clinical syndromes, which arise apparently 
haphazardly as the result of invasion of the host erythrocytes 
by the malaria plasmodia. At first sight, examination of the 
pathological changes appearing in the organs makes the 
picture even more confusing. It is a common experience to 
find little or no correlation between the clinical syndromes and 
the pathological findings. A patient dead of clinical cerebral 
malaria may show minimal pathological changes in the brain: 
severe cerebral lesions may have little clinical counterpart. 
Neither the clinical signs nor the pathological pattern may 
bear any obvious relation to the degree of erythrocyte 
invasion. Furthermore, in the same patient, the pathological 
patterns revealed in the various organs often differ fundamen- 
tally. The brain may show evidence of intense vascular 
congestion, with apparent “‘ blocking ” of many of the small 
vessels by sometimes heavily infected erythrocytes; the liver 
may show centrilobular necrosis associated with vessels which 
are dilated and often relatively empty; the kidney may pre- 
sent the ischaemic picture of renal anoxia; lysis of red cells 
may become excessive and uncontrollable, as in blackwater 
fever. 

How can one disease, primarily arising from plasmodial 
invasion of the erythrocytes, bring about so many diverse and 
superficially distinct changes in the host ? To answer this, it 
is necessary to determine as far as possible the basic pathogenic 
factors which decide the pattern of functional and tissue 
changes occurring in the host. A brief account of some of 
these is given below. 


1. General and Local Processes 


In the present state of our knowledge the physiological 
analysis of malaria is difficult. In fact, it has been argued 
with vehemence, if not altogether with justice, that we know 
so little that any attempt at generalization is out of place, and 
that energy is better directed at the moment towards the 
collection of data. That this is not the case, however, has 
been demonstrated by the results of some of the recent work on 
liver and blood disturbances, work which has been planned on 
the basis of broad hypotheses derived from the synthesis of the 
information available. Several processes seem to be common 
to the development of changes in the host tissues, notably 
anoxaemia, vascular endothelial damage, and variations in 
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local and general circulation of the blood which favour the 
production of tissue anoxia. General states such as anoxae- 
mia are probably common to all tissues; others may be 
concerned with one particular organ, as, for instance, the 
circulatory disturbances arising within the kidney during the 
development of the renal anoxia syndrome. 


2. The Parasite 


The precise part played by the parasite is difficult to assess. 
It seems clear, however, that selective localization of para- 
sitized erythrocytes in tissue is not an essential factor in 
initiating lesions, since concentration of parasitized cells is 
not always evident in a particular organ even when clinical 
signs indicate its specific involvement. The parasite has 
never been shown to produce a specific “‘ toxin ”’ during the 
course of the disease, although there is some circumstantial 
evidence of the existence of non-specific circulating diffusable 
agents. Thus the resemblance between certain aspects of 
malaria and the phenomena of general inflammation arising 
from bacterial infection suggests that some active substance 
may be present in the former similar to the simple polypeptide 
identified in the latter by Chain & Duthie (1939). The 
periodic phenomena of the paroxysm may also be partly 
explained by the existence of some diffusable agent liberated 
at sporulation of the parasite. It is conceivable that the same 
agent is at work in both the paroxysm and the more general 
chain of reactions which combine to establish the clinical 
picture of the disease. 

It has frequently been assumed that because of the obvious 
(but as yet unexplained) relation between the sporulation of 
the parasite and the clinical appearance of the paroxysm, 
red-cell debris, protein, malarial pigment, and even possibly 
the merozoites themselves might be concerned in the host’s 
reaction to the infection. Very little evidence can be offered 
in favour of this view. There is, for instance, no measurable 
change in protein content of the plasma during the paroxysm, 
although there is, of course, an appreciable quantitative and 
qualitative change in albumin and globulin fractions in the 
course of the disease. Moreover, it has been clearly demon- 
strated that the malarial pigment itself, being an insoluble 
suspension of haematin, is not responsible for the morbid 
effects of the infection (Anderson & Morrison, 1942). There 
is equally scanty support for the view that the paroxysm is a 
manifestation of anaphylactoid shock. The raised blood 
glucose, cholesterol and potassium concentrations and the 
fall in sodium which have been reported during the paroxysms 
are similar to those occurring in anaphylaxis, but they also 
occur in various anoxic conditions in no way related to shock; 
there is, in fact, some evidence to suggest that they derive from 
adrenal activity, since they do not appear in adrenalectomized 
animals under anoxic conditions (Van Liere, 1942; Swingle 
et al. 1933; Houssay, Marenzi & Gerschman, 1937). The 
relation to the adrenal of the humoral changes occurring 
during the paroxysm has been emphasized recently by the 
observation that they can be considerably modified by 
administration of deoxycorticosterone (Flosi, 1944). 

About many of these points we are essentially ignorant, and 
the same is true in regard to the assessment of the significance 
of the respiration of the parasite in relation to that of the host. 
In view of the reports demonstrating the notable utilization of 
oxygen by malaria parasites of various kinds when examined 
in vitro, it might be thought that the parasites would provide 
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considerable competition with the tissues for the often 
apparently limited amount of oxygen available in the anaemic 
host, and for available substrates, such as glucose, which may 
become relatively scarce during infection (Christophers & 
Fulton, 1938; Fulton, 1939; Maier & Coggeshall, 1941; 
Bovarnick, Lindsay & Hellerman, 1946). However, as will be 
seen below, it is extremely difficult to interpret the results of 
such in vitro experiments in terms of what may be occurring 
in the tissues at the point at which the parasites and tissue 
cells are likely to be in competition ; indeed, certain informa- 
tion regarding the mode and kinetics of oxygen transfer from 
oxyhaemoglobin in the normal animal must be acquired 
before such interpretation becomes possible. 

It is clear from the above that we know little about 
the direct effects of the plasmodial invasion of erythrocytes. 
It might be profitable at this point, therefore, to examine 
some of the more genefal physiological processes which appear 
to influence the pathogenesis of the disease. 


3. Anoxaemia 


Probably the most obvious of these processes is anoxaemia, 
arising from the destruction of erythrocytes, and possibly 
from other causes, including changes in pulmonary circula- 
tion leading to inefficient oxygenation of the corpuscles. 

Changes in pulmonary ventilation and blood circulation 
have not been accurately recorded in malaria, but there is 
little reason to doubt their occurrence. The physician is 
well acquainted with the frequency of pulmonary involve- 
ment in the more severe forms of malaria (Falconer, 1919); 
oedema and intense dilatation and engorgement of septal 
vessels, sometimes accompanied by haemorrhages, have been 
repeatedly noted in fatal cases (Spitz, 1946). It is not clear 
how much importance may be placed on the direct effects of 
interference with the oxygenation of the blood within the 
limits to which the pulmonary circulation is likely to be 
affected in malaria, but other factors may play some signifi- 
cant part here, including those which tend to cause agglo- 
meration of corpuscles, such as the production of “ sludge ”’ 
(probably itself the result of prevailing anoxia) or the appear- 
ance of “ stickiness ”’ in the erythrocytes themselves, tending 
to make them cling to the vascular endothelium (Knisely, 
Stratman-Thomas & Eliot, 1941). 

Of greater significance, probably, is the reduction in the 
number of erythrocytes and the consequent diminution of the 
total oxygen-carrying capacity of the blood. Parasitized 
cells are broken up at the time of sporulation of the parasite 
and uninvaded cells are destroyed by lytic processes which 
have not yet been defined. Both parasitized and unparasi- 
tized cells lose some of their surface electrical charge as the 
disease progresses (Brown, 1933). In some types of mammal- 
ian and fowl malaria this change in surface charge corresponds 
with the appearance of humoral antibodies and is associated 
with a tremendous and specific increase in phagocytosis, 
which has an effect on the number of circulating erythrocytes 
(Taliaferro, 1941). 

The anaemia which results from destruction of erythrocytes 
is sometimes exacerbated by failure of their replacement by 
young cells from the bone-marrow (Thonnard-Neumann, 
1944). This occurs in vivax malaria in which the presence of 
parasites in the peripheral blood appears to check the normal 
transference of reticulocytes from the marrow (where the 
reaction is primarily normoblastic and their production 
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unimpeded) to the blood-stream. The barrier to the appear- 
ance of reticulocytes in the blood is rapidly removed by 
specific therapy, which is followed by a rapid increase in 
reticulocyte numbers (Fairley, 1934; Dahne, 1944). In other 
forms of malaria the barrier never appears. Sherwood Jones 
(personal communication), for instance, has demonstrated 
a rapid increase in reticulocytes in rats during infection with 
Plasmodium berghei, a finding also sometimes recorded in 
knowlesi malaria. In berghei infection, as in vivax, the 
reticulocytes appear to be specifically invaded (Craik, 1920; 
Ferrebee, Gibson & Peacock, 1946). 

The presence of the parasite in the erythrocyte may ad- 
versely influence its oxygen-carrying powers. For instance, 
the parasite associated with a given cell might remove an 
exorbitant volume of oxygen from the oxyhaemoglobin 
(already diminished by partial conversion into inert haematin 
during the parasitic metabolism of the haemoglobin). Measure- 
ments of the oxygen requirement of parasites (within or free 
from erythrocytes) in the presence of suitable substrates in- 
dicate that this may be considerable. It is difficult, however, 
at the present time to equate the usage of oxygen by the parasite 
under the highly artificial conditions of laboratory experi- 
ments with its demands in the environment of the diseased 
animal. This is especially so since the normal mechanism of 
oxygen transference from the oxyhaemoglobin of the erythro- 
cyte to the tissues is not understood. Moreover, it is not 
known whether the parasite alters the respiration of the host 
cell, a point of considerable significance, for example, in 
rat malaria, in which the respiration of whole infected blood 
appears to be primarily due to the large numbers of reticulo- 
cytes present (Sherwood Jones, personal communication). 
The respiration of reticulocytes produced by other means is 
considerable (Ponder, 1948) and it is interesting to speculate 
whether such a demand for oxygen on the part of young red 
cells—which, in fact, exceeds that of the parasites—is itself a 
drain on the total oxygen resources of the body, especially in 
the anaemic animal. On the whole it looks as though it is not, 
and this is probably true for the parasite. Unfortunately we 
are here up against a section of normal physiology which has 
hardly been examined. The indications are that even in the 
healthy normal animal the oxygen-carrying powers of the 
erythrocyte greatly exceed the requirements, so that the loss 
of oxygen from any one erythrocyte at the tissue face may not 
be by any means maximal. Consequently, in malaria, 
except perhaps where there is extreme anaemia, the reserve 
oxygen-carrying capacity of the blood may not be lowered to 
the point of creating appreciable tissue anoxia. A further 
complication would arise if the physiochemical properties of 
the haemoglobin or haemoglobins of the host in relation to 
oxygen were in some way changed. Recent work has shown, 
however, that, within the limits of in vitro experiments in 
human and rat malaria at any rate, the pigment behaves 
normally (Sherwood Jones, personal communication). 
This is an observation of considerable importance, although 
its full significance cannot yet be judged as it has not so far 
proved possible to observe the activity of haemoglobin under 
the conditions which obtain in the body of the infected animal. 


4. Tissue Anoxia 


It can thus be seen that very little is known of the carriage 
of oxygen to the tissues in malaria. Practically nothing at 
all is known of the utilization of the available oxygen by the 
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tissue cells in the disease. This is a vital point and one which 
requires investigation, since it does not really matter whether 
the oxygen is dissociated normally from oxyhaemoglobin at 
the tissue or not, if the latter is unable, as a result of the disease, 
to utilize it. Investigation of this problemembraces the whole 
field of tissue enzymes, more particularly the oxidases. The 
enzyme systems involved are probably largely shared by 
tissue and parasite alike but there must be differences, as 
indicated indeed by the chemotherapy of the infection 
(Findlay, 1951). 

Whether the utilization of oxygen by the tissues is impeded 
in some such way as this or whether the prevailing anoxaemia 
is the primary agent (which is certainly not always the case), 
tissue anoxia appears to be a factor of the first importance in 
the pathogenesis of malaria. In bringing about this state of 
tissue anoxia other physiological processes are involved, 
particularly those concerned with the circulation of the blood, 
which is an equally vital factor in the carriage of oxygen to the 
tissues. 


5. Circulatory Changes 
a. General 


Certain variations in the general blood circulation occur 
during the paroxysm, such as peripheral vasoconstriction in 
the cold stage and vasodilatation and increase in cardiac 
output in the hot stage (Altschule, Freedburg & McManus, 
1945). These intermittent effects probably do little serious 
damage to the economy of the host, but sometimes, particu- 
larly in falciparum malaria, the hot stage persists and the 
concomitant high metabolic rate and high cardiac output 
place a continuous strain on the heart. When the heart 
muscle is already damaged by the disease, cardiac failure may 
occasionally occur, and, exceptionally, the whole picture may 
be dominated by hyperpyrexia, in which all the circulatory 
effects of fever’are exacerbated (Kopp & Solomon, 1937; 
Hartman, 1938). Serious circulatory disturbances in malaria 
are not, however, on the whole usually associated with high 
temperatures. They much more commonly develop in 
pernicious malaria in which acute vascular failure appears. 
Under these circumstances the physiological state of the 
infected subject is identical with that of shock (Moon, 1938, 
1942). 

5. Local 


Local circulatory variations developing in malaria depend 
to some extent upon the anatomical structure of the tissue 
concerned. Organs in which there are sinusoidal elements 
may be severely affected whilst others with more simple 
circulatory paths escape. Sometimes, changes in the endo- 
thelial walls, or accumulations of parasitized cells and 
macrophages, or intravascular erythrocyte agglutinations, 
may cause physical obstruction to the blood flow through the 
small vessels, but these local mechanical effects are of small 
importance compared with two other processes which are 
frequently closely associated, viz. (i) circulatory changes 
arising from certain vascular reflexes, and (ii) local and 
general changes arising from the activity of humoral sub- 
stances, such as adrenaline (often secreted in response to 
local changes in the blood flow in the endocrine organs 
concerned). 

Localized alterations in circulation may constitute the 
principal, or one of the principal, factors in the genesis of the 
ultimate pathological lesions or alterations in tissue function. 
Perhaps the clearest example of this is observed in the kidney. 
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In renal failure in malaria, blackwater fever, and many other 
conditions, the pathological picture is one of ischaemic 
glomeruli, a variable degree of cortical anaemia and irregular 
congestion and stasis in the medulla, together with epithelial 
degenerative lesions concentrated in the cortically placed 
tubules. It was suggested (Maegraith & Findlay, 1944) that 
this pattern indicated some redistribution of renal blood 
flow, whereby the cortical circulation was partly short- 
circuited to the medulla, and the term renal anoxia was 
proposed for the accompanying syndrome (Maegraith, Havard 
& Parsons, 1945). (It has also been called lower nephron 
nephrosis ; Lucké, 1946.) Trueta et al. (1947) later demon- 
strated that the renal blood flow in certain animals is partly 
controlled by a reflex evoked by stimulation of the renal 
nerves. This reflex is capable of initiating a general reduction 
in the total renal blood flow in most of the animals examined, 
and in some a specific diminution of cortical flow. Such a 
shunt mechanism has not been demonstrated in man, although 
general reduction in renal blood flow has been reported in 
traumatic shock associated with oliguria (Lauson, Bradley & 
Cournand, 1944). It seems likely that in man the over-all 
reduction in renal flow is the crucial factor, the cortical 
tissues suffering more than the medullary. 

When generalized vascular collapse occurs in malaria, 
such re-orientation of the renal blood flow must greatly 
complicate the effects of the prevailing anoxaemia. Many 
variants of the same picture may thus result, the severity 
depending not only on the degree of localized circulatory 
disturbance but also on the underlying tissue anoxia. 

A further example of the effects of local circulatory change 
is sometimes seen in the liver. Functional and anatomical 
hepatic lesions have been frequently recorded in malaria 
(Henry, 1932; Kern & Norris, 1944; Schneider, 1950). In 
severe cases the pattern of tissue damage, for example cen- 
trilobular degeneration and necrosis, is essentially similar to 
that occurring in a great variety of other conditions ranging 
from pernicious anaemia to shock. We have suggested 
elsewhere (Maegraith et al. 1947) that these changes develop 
as a consequence of stagnant anoxia arising from reduction of 
intralobular flow, following active constriction of the tribu- 
taries of the hepatic venous tree. The role of tissue anoxia 
in the development of the changes has recently been re- 
emphasized by Delorme (1951), who studied the effects of 
anoxia in liver perfusion. The recent physiological examina- 
tion of liver blood flow in the perfused organ has also pro- 
vided evidence supporting the view that active constriction of 
the hepatic venous tree does in fact occur under certain 
conditions, including shock (Andrews, Maegraith & Wenyon, 
1949; Maegraith, Andrews & Wenyon, 1949). 

Many clinical observers have been impressed with the 
similarity between the syndrome of acute adrenal insufficiency 
and that of algid malaria, in which shock is the presenting 
feature and in which gross adrenal lesions are sometimes 
evident, sometimes not (Paisseau & Lemaire, 1916; Flosi, 
1944; Natali, 1934; Taliaferro & Mulligan, 1937). It is 
difficult to define how close this resemblance is physiologically, 
but, as has been pointed out above, the chemical changes 
occurring in the blood in algid malaria, and during the 
paroxysms of milder malaria, can be directly related to 
adrenal activity, and, in the latter case, can be modified by the 
administration of deoxycorticosterone. The explanation of 
the apparent independence of the humoral changes and anato- 
mical adrenal lesions may well be that the former are dependent 
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primarily on local changes in blood flow, arising either 
locally or in response to circulatory changes elsewhere, as, 
for example, in the pituitary. Support is given to this view 
by the observation that variations in adrenal circulation 
associated with similar electrolyte changes occur in experi- 
mental anoxic anoxia (Van Liere, 1942). 

Enough has been said, I think, to show that in malaria 
there are certain basic pathological processes which are 
concerned in producing functional and anatomical variations 
in the tissues. These include a general background of 
tissue anoxia arising from anoxaemia, upon which are sum- 
mated the effects of general circulatory changes, including in 
severe cases those of shock, and local vascular changes 
arising in specific organs, which may affect that particular 
organ singly or the whole mechanism of the body. Local 
circulatory changes sometimes develop along with the acute 
vascular failure, but their appearance is irregular and the 
existence of shock is not essential.’ Nevertheless, when the 
circumstances are right, pathological patterns are developed 
which are reasonably consistent in certain organs from case to 
case and yet differ in detail from organ to organ. It thus 
comes about, for instance, that the brain lesions are made up 
of various tissue changes arising from circulatory interference 
indicated by dilatation, congestion and frequently stasis of the 
smaller blood-vessels, and, later, haemorrhage and throm- 
bosis, whereas the liver picture is one of centrilobular conges- 
tion or necrosis, with wide dilatation of sinusoids and central 
veins and little or no evidence of vascular obstruction. 

It is clear that, allowing for basic anoxaemia and possible 
direct tissue poisoning by specific or non-specific products of 
the plasmodia, the reaction of a given tissue to the infection is 
a function not only of the blood flow through it, but also of 
the intimate physiological properties of its blood-vessels. 
The appearance of stasis in the brain, for instance, is probably 
largely dependent on the establishment of small variations in 
the impermeability of the vascular endothelium following 
anoxia; the physiological effects of the same degree of 
anoxia on the vessels of the liver are not so pronounced 
(Landis, 1927; Drinker & Field, 1933). This emphasizes the 
importance of regarding the blood-vessels of an organ as an 
integral and specific part of its physiological make-up, and 
not merely as channels for the circulation of blood. 

It is impossible here to deal fully with the many other 
points that might be stressed considering malaria as a physio- 
logical problem. One, however, which must be mentioned is 
the time factor. The lesions require time to develop and the 
final pathological picture presented is very dependent on this, 
particularly in falciparum and knowlesi malaria, in which the 
two opposing forces of destruction and regeneration are 
constantly in play, as they are also in other protozoal infections 
such as canine babesiasis (Gilles, personal communication). 
This can be seen very clearly, for example, in the spleen. 
Taliaferro & Mulligan (1937) have given a beautiful account 
of the lesions which develop in this organ in knowlesi malaria. 
In fatal cases the lymphoid tissue is practically exhausted and 
extreme’ necrosis of the pulp cells may sometimes be seen. 
In cases which are allowed to recover from severe infection 
before being sacrificed, considerable lymphoid degeneration 
occurs with minimal necrosis. In human falciparum infec- 
tions with fatal issue, the picture is that seen in fatal knowlesi 
malaria; in recovered cases, that seen in brasilianum malaria. 
There is also a considerable vascular element in the develop- 
ment of the splenic lesion, which in the acute case accounts 
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almost entirely for the swelling and enlargement of the organ. 
How this congestion is controlled is nct known—a fact which 
is hardly surprising, since the normal circulation through the 
organ is still unmapped (Mackenzie, Whipple & Winter- 
steiner, 1941; Knisely, 1934; Gall & Maegraith, 1950). 


6. Summary 


The outline given above may help to express to the reader 
some of the difficulties in the way of the physiological 
approach to malaria. Certain points are clear. There is 
much that is non-specific in the clinical and pathological 
pictures; there is a tremendous overlap with other diseases. 
There are certain processes which are common to most 
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changes in the tissues. Obviously the parasite itself has a 
vital role in the disease, but we are remarkably ignorant of 
what this is. Anoxaemia, anaemia and tissue anoxia are 
significant factors. Changes in local and general circulation 
of the blood help to explain much. The story is, however, 
very incomplete. 

The demonstration of this is important in itself, for without 
realizing what the problems are, there can be little progress in 
the rational study of the disease. Finally, from the clinician’s 
point of view, perhaps the most important conclusion the 
physiological approach has to offer is that so many of the 
lesions, for example those in the brain and kidney, are 
fundamentally reversible in their early stages. 
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In his, reactions to malaria an individual is seeking freedom 
from illness and the obvious signs of disease. A community, 
however, is seeking its own survival, with little regard to the 
health of the individual, and this depends entirely on the 
maintenance of an adequate net reproduction rate. When 
human fertility is unrestricted this rate can be maintained 
with a total mortality in the first fifteen years of life of 50°%, 
or perhaps a little more, but it is well to realize that such a 
total mortality does not involve what is commonly regarded 
as a high crude death-rate. An initial infant mortality of 
250 per 1,000 births followed by an annual death-rate of 
29 per 1,000 living would result in such a gross mortality 
before adult life, and would be about the limit of group 
tolerance of disease; but the crude death-rate of a com- 
munity suffering such conditions might be between 30 and 
40 per 1,000, which is only treble that in the United Kingdom, 
and would not normally attract attention as being of dramatic 
importance. A community must protect itself against the 
risk of such events and establish a modus vivendi with its 
various parasites within these limits if it and the parasites 
are to survive; and the processes of natural selection are 
likely to have selected people and parasites able to do so. 


1. Factors in Acquisition of Tolerance 


The study of communal immunity was cast into its present 
form largely by the classic work of Christophers (1924). He 
used enumerative techniques in blood examinations of people 
in a highly malarious part of India and established the 
existence of an initial state of acute infestation lasting no 
more than two or three years, after which the individual 
showed a marked tolerance to infection, restraining parasi- 
taemia and symptoms by an immunity process. Most sub- 
sequent studies have followed his general lines, and have not 
disturbed the framework he set up, though they have made 
certain alterations of detail. The chief of these have con- 
cerned the racial element in the development of tolerance, 
and the degree of endemicity needed to stimulate the pro- 
duction of an adequate individual tolerance. Schiiffner et al. 
(1932) postulated the existence of marked racial variations in 
the ability to develop tolerance, a view strongly supported by 
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several workers, though others have not agreed. Wilson & 
Wilson (1937) reviewed the evidence and concluded that, in 
all races, tolerance varied directly with the parasitic load 
which had induced it. Swellengrebel (1949), though bringing 
together evidence which did not reinforce Schiiffner’s view, 
was only able to conclude that the latter was still to be dis- 
proven. An inherited passive immunity has also been 
postulated by Hackett (1941) and other workers. ‘This idea 
is based on two types of observation: Clark (1937) showed 
that in Panama the infants enjoy a remarkable freedom from 
malarial attack, and Putnam (1931) established the fact, now 
generally accepted, that in highly endemic areas the parasite 
count is lower amongst newly-infected infants than in their 
slightly older brothers. Both of these types of observation are 
open to alternative explanation. Muirhead-Thomson (1951) 
has shown that in the West Indies the freedom enjoyed by the 
infant is from mosquito bites, from which a freedom from 
malaria would naturally follow, and Macdonald (1950) has 
pointed out that multiple infections in the youngest infants 
are less likely than in slightly older ones, which might well 
account for lower parasite counts in them. Though racial 
differences between people of temperate origin and those of 
tropical origin are well established in the USA, their existence 
between true tropical peoples remains in doubt. 


2. Measurement of Endemicity 


Studies following those of Christophers have suggested 
that in defining his hyperendemic areas as those in which the 
child spleen rate (i.e., the percentage of children in whom the 
spleen is palpable) permanently exceeded 50%, he drew the 
line rather lower than is desirable. A proper distinction 
between grades of malaria should be drawn at some more 
severe grade. Wilson (1936, 1939; Wilson & Wilson, 1937) 
has written several valuable papers on this subject. He 
looks on splenic enlargement as due to two separate causes— 
(i) the original immune response to infection and (ii) its later 
appearance as an allergic response to reinfection in the 
strongly resistant ; though, when this resistance becomes com- 
plete, desensitization occurs and splenic enlargement comes 
to an end. His criterion of strongly developed tolerance is 
therefore an association of evidence of very heavy infection 
in infancy and childhood with virtual freedom from splenic 
enlargement in the adult. Grades of endemicity insufficient 
to produce this present a picture of acute child infestation 
together with continued splenic enlargement in adult life. He 
therefore (Wilson, 1949) divides highly endemic areas into 
these two types, only the former of which constitutes hyper- 
endemic malaria, which in his opinion is associated with a 
degree of group tolerance which results in the disease being 
relatively harmless to the community. 

Wilson (1936, 1939), Swellengrebel (1950) and Garnham 
(1949) have studied this subject and arrived at the independent 
conclusions that in highly malarious areas of this sort a satis- 
factory modus vivendi is established. They have also published 
their ideas jointly (Wilson, Garnham & Swellengrebel, 1950) 
in a review of hyperendemic malaria. In this they lay down 
certain explicit malariometric criteria by which the condition 
may be recognized. They bring together examples of it 
from the literature, and from a study of them arrive at con- 
clusions on the wide distribution of this type in Africa, and 
on its innocuousness. Their examples are ten in number. 
Study of the original papers from which they are derived 
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shows that five do not comply with the malariometric criteria 
of the group, viz. : (i) adult parasite rates are markedly below 
spleen rates (Mackerras & Aberdeen, 1946); (ii) marked 
seasonal changes in adult parasite rates are given by Barber 
& Olinger (1931); (iii) marked seasonal changes in parasite 
rates and counts are given by McCarthy (1941); (iv) marked 
seasonal changes in the adult parasite rates, and an adult 
parasite rate below the spleen rate, are given by Schiiffner et 
al. (1932); (v) very marked seasonal changes (from 6 to 39 %) 
in incidence of “* heavy” infections in adults are given by 
Swellengrebel & van der Kuyp (1940). Also, in the paper by 
Schwetz et al. (1934) the data are quite inadequate for an 
opinion on the subject; again, the data quoted from Garnham 
(1929, 1938, 1939, 1949) do not appear as such in the original 
papers, though contradictory figures do, and the 1929 paper 
gives information covering the same ground but not com- 
plying with the criteria. In one additional example the 
original authors (Farinaud & Prost, 1939) differed so much 
in their views on the innocuousness of the condition that they 
commented that these communities were stricken with stagna- 
tion, or even on the road to disappearance through the effects 
of the disease. They drew attention to the extremely heavy 
mortality rates up to the age of eight years, clearly thinking 
them due to malaria. This idea was later fortified by 
Farinaud & Choumara (1950) who again emphasized the 
idea and showed that control had reduced the crude mor- 
tality by 40°¢. Amongst the authors quoted in the review, 
Barber & Olinger (1931) were impressed by the absence of any 
complete tolerance at least up to middle age, Swellengrebel 
(1949) showed that the tolerance was very partial and did not 
protect adults on a journey away from their own village, 
whilst McCarthy (1941) attributed a social degeneration to 
the condition he described. Wilson (1936), in the example 
of his own work quoted, had shown that 42.5°% of children 
had died before their mothers were questioned at the average 
age of 35. 

Despite its authorship, a group of examples such as this, 
homogeneous only in its failure to support the conclusions 
drawn, cannot form a basis on which useful fresh knowledge 
can be founded. It seems that studies of this type have 
brought us the knowledge that there are grades within the 
hyperendemicity defined by Christophers, some of them more 
intense than that described by him and perhaps associated 
with greater adult tolerance. They have not taught us 
adequately how to distinguish these grades, no satisfactory 
criteria being agreed on, and though they have shown that 
community survival is possible they have not demonstrated a 
complete or satisfactory freedom from ill effects on the group 
as a whole. A fresh approach to the mechanism of group 
tolerance, to the measurement of endemicity, and to the 
ineasurement of community damage seems necessary. 


3. Prevalence of Gametocytes 


Schiiffner (1938) drew attention to the variations in the 
prevalence of gametocytes, and particularly those of Plas- 
modium falciparum in endemic and epidemic conditions, 
elaborating similar earlier observations, such as those by 
Perry (1914), by enumerative techniques on material supplied 
to him by Dr and Mrs Swellengrebel. The present writer 
thinks that Schiiffner’s observations have never been ade- 
quately followed up and that further studies of gametocyte 
orevalence and infectivity might be very fruitful. Restricting 
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comment to P. falciparum, the following points are well 
established : 

i. Gametocytes appear some notable time after the first 
development of parasitaemia in non-immune subjects (James, 
Nicol & Shute, 1932), and are present in the blood for a 
lesser subsequent time (perhaps 40°% of the total) than are 
asexual parasites. 

ii. In epidemic malaria amongst slightly immune or non- 
immune people gametocytes are extremely common, and 
appear in all age-groups, the majority of infected persons 
showing them. Thus Schiiffner (1938) quoted two of Swel- 
lengrebel’s series from an epidemic in Sundatar, Indonesia, 
before and after the apex of the epidemic. They are repro- 
duced in Table I. 


TABLE I. PREVALENCE OF GAMETOCYTES (P. FALCI- 
PARUM) BEFORE AND AFTER PEAK OF MALARIA 
IN SUNDATAR, ACCORDING TO AGE-GROUP 














Before peak After peak 

Age in Percentage showing Percentage showing 

years | P. falciparum P. falciparum 

Any form Gametocytes Any form Gametocytes 

O- | 14.3 2.4 48.2 37.9 
2- 3 20.5 13.6 70.4 47.7 
4-5 22.2 18.5 69.6 50.0 
6-7 19.5 17.0 80.0 56.9 
8-9 17.6 14.7 71.4 48.5 
10-15 13.5 13.5 59.4 43.5 
16-20 24.7 18.2 77.9 50.0 
21-30 13.5 6.7 i 40.0 
31-40 21.1 17.0 49.3 32.0 
Over 40 8.3 8.7 23.4 7.8 








In other epidemics similar prevalences have been shown, 
as by Covell & Baily (1932) who found that gametocyte 
prevalence in children rose to over 50%, though they had no 
comparative figures for adults. 

iii. When malaria is endemic, but at a low level of trans- 
mission, gametocytes remain frequent in all age-groups, 
occurring in something like 30% of those showing asexual 
forms. In a low endemic area in Porto Rico, Earle (1939) 
showed the following prevalence (Table II): 


TABLE Il. PREVALENCE OF P. FALCIPARUM IN 
PORTO RICO ACCORDING TO AGE-GROUP 


Percentage of 
P. falciparum cases 
showing gametocytes 


Percentage positive 
Age in years or 
P. falciparum 





Under | -_ sed 5.56 0 
Fo = a 11.66 36 
a ao ih 9.96 27 
10-14 - 10.21 27 
15-19 12.19 37 
20-49... ee <2 11.04 27 
SO and over... = 7.29 14 





iv. In areas of seasonal epidemics, the gametocyte preva- 
lence sinks to very small proportions in the inter-epidemic 
periods. Thus Macdonald & Majid (1931) commented on 
their virtual absence in inter-epidemic periods in the Punjab, 
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finding them in only 2 out of 52 films showing P. falciparum 
rings in one series of examinations. 

v. In endemic areas of considerable prevalence of malaria 
there is a very marked age distribution of crescent prevalence, 
and this is particularly marked when the numbers of game- 
tocytes in individual blood films are taken into account. 
Schiiffner (1938) gives data for a moderate endemicity in 
Mandailing, Indonesia. He distinguished between the mere 
presence of gametocytes and the presence of numbers likely 
to be infective to mosquitoes, giving the figures shown in 
Table III. 


TABLE Ill. PREVALENCE OF P. FALCIPARUM IN 
MANDAILING, SEPTEMBER 1917, ACCORDING TO 
AGE-GROUP 





Percentage Percentage of falciparum cases : 

Age in years — with with infective 

P. falciparum gametocytes gametocytes 
O- | 26.8 Sl.1 8.8 
2- 3 36.4 42.4 10.3 
4-5 30.8 26.4 3.3 
6- 7 23.2 30.8 5.6 
8-9 19.7 12.5 1.6 
10-11 22.8 9.7 22 
12-13 15.4 FF 4 0.0 
14-15 8.3 0.0 0.0 
16-20 6.8 12.5 0.8 
21-30 6.3 10.8 0.2 
Over 30 a3 14.6 0.4 








In more highly endemic areas similar, but more accentuated, 
findings have been reached by a number of observers. 
McCarthy (1941) in a typical area found gametocyte pre- 
valence varied from 12.9% in those under 5 years to 1.6% in 
adults. Wilson (1936) showed a variation from 34.5 to 
3.0% in similar age-groups. Mackerras & Aberdeen (1946) 
found gametocytes in presumed infective numbers only in 
infants, and a sufficient number of similar observations exist 
to make the virtual confinement of infective gametocyte 
carriers in hyperendemic areas to infants almost a certainty. 

vi. Even in places where malaria is highly endemic there 
may be seasonal changes in gametocyte prevalence, which 
may extend to their appearance in adults as well as in children. 
Wilson (1936), in an area classed as extremely malarious, 
found seasonal variations from 20.6 to 54.9% in children 
under 5 years, from 1.3 to 15.7% in those aged 5-20, and 
from 0.5 to 5.4% in adults. It is probable that the majority 
of the infections in adults were of low numerical order, but 
the variations of the rate amongst them are sufficient to show 
that under the stress of increased transmission the parasito- 
logical immunity could be markedly weakened. 


4. Governing Mechanism of the Reservoir of Infection 


If even the broad outlines of these facts are accepted, and 
they seem to be in accord with common findings, they indicate 
of themselves an inevitable form of group immunity. The 
gametocyte rate is dependent on the sporozoite rate, and the 
sporozoite rate is dependent on the gametocyte rate, their 
mutual interdependence being undeniable. If the individual 
response to infection limits the infective reservoir, and that 
much more markedly then it limits the asexual infection rate, 
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it inevitably reduces the possibility of anopheline infection 
and so limits the stimulus which leads to immunity. The 
general mechanism—well understood in physics as the 
governor of a machine and very common in biology and an 
important element in epidemiological thought—is one which 
inevitably leads to a final state of balance in which the 
infective reservoir (proportion of the population harbouring 
gametocytes) and the load of transmission (sporozoite rate) 
are.well below their potential maxima. 

In this case the infective reservoir is almost exclusively in 
new entrants, either new-born children or immigrants. An 
increase in their number would certainly be followed by their 
infection and hence by an increase in the total parasite reser- 
voir, and this in turn would be followed by an increased 
sporozoite rate and a heavier load of infection on the com- 
munity. This might or might not break through the tolerance 
of the adults; the seasonal findings in Africa suggest that it 
might, but according to our present understanding it would 
certainly give the new entrants a greater load, and thereby 
decrease the time needed for them to gain control of their 
parasites. The parasite reservoir would therefore tend to 
revert to its previous dimensions, by decrease of the age of 
tolerance or even by death of some of the heavily infected 
newcomers, and equilibrium would be re-established in this 
way. 

This type of governing mechanism is susceptible of mathe- 
matical analysis, as has been successfully tried by Brownlee 
in a number of papers dealing with epidemics of measles, but 
such an analysis is not attempted here. Whatever its mathe- 
matical form, it cannot fail to produce a balance where trans- 
mission is well below its potential maximum, and where a 
proportion of the new entrants survive through the period of 
acute infestation, for the death of some automatically reduces 
the reservoir from which mosquitoes are infected and so 
lessens the load on others. It is now suggested that this is 
the true mechanism of communal immunity against malaria, 
and the one which deserves further study if happenings are 
to be better understood. 

The normal new entrants to a population are new-born 
infants, arriving in fairly regular numbers. But there are 
occasions where they are greatly outnumbered by others, as 
in the assembly of labour forces; such an event is commonly 
followed by severe epidemic malaria, which may afflict the 
local population as well as the incomers. 

A numerical approach to the study of this mechanism is 
impeded by two main uncertainties: the proportion of 
gametocyte infections infective to anophelines, and the pro- 
portion of sporozoite inoculations infective to man. Where 
gametocytes are present in large numbers a reasonably sound 
estimate of their infectivity may be deduced from laboratory 
studies, but there is much greater uncertainty about the 
infectivity of small numbers found in highly malarious areas. 
Inoculation with sporozoites is commonly taken in epidemio- 
logical studies as certainly infective, though there is a con- 
siderable mass of literature which throws great doubt on even 
the near-accuracy of such an assumption. James (1931) 
emphasized that, even when considering heavily infected 
mosquitoes, an essential for successful infection is that the 
sporozoites should be lying free in the salivary duct, while 
Barber (1936) showed that very high proportions of natural 
sporozoite infections might be degenerate. Estimates of the 
frequency of inoculation based on sporozoite rates and mos- 
quito frequency are therefore open to grave question, and the 
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writer (Macdonald, 1950) thinks that they may be more 
properly attempted by examination of infants, analysis of the 
curve of age-incidence of infection in them and the deducing 
from it of the actual inoculation rate to which they are sub- 
ject. It is noteworthy that analysis in this way suggested 
that the inoculation rate actually experienced in Barber and 
Olinger’s Lagos series was about one-tenth of that in Wilson’s 
Gombero series. These two series, classed together as com- 
parable by Wilson, Garnham & Swellengrebel (1950), 
differ in that the authors of the first doubted the development 
of a sound immunity whilst the author of the latter insists on 
it. A constructive approach to the study of group tolerance 
would therefore seem to include the following aspects: 
measurement of gametocyte prevalence and _ infectivity; 
measurement of the sporozoite rate and anopheline fre- 
quency; study of the inoculation rate by analysis of infant 
infections; a comparison between these and a mathematical 
analysis of the expected relationships between gametocyte 
and sporozoite rates. 


5. Basis of Group Immunity 


As hypothetical extensions of what the writer believes to be 
reasonable assertions as to the basis of group immunity, the 
following suggestions may be put forward. 

The cost in deaths of acquisition of group immunity is 
probably self-adjusting in such a way that the mortality 
{when things are static) rarely exceeds the maximum the 
community can bear, and the community once established 
should be able to survive. The main strain on a community 
should fall when it is first exposed to malaria, when a very 
high proportion of the population becomes infective, but— 
from the age-incidence studies in endemic areas—it seems 
that resistance to gametocyte production in the general popu- 
lation might take only a couple of years to develop. No one 
has ever studied epidemic conditions systematically through 
to their logical conclusion so this cannot be checked, but a 
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natural deduction is that epidemic conditions might subside 


within three years or so and, if a sufficient proportion of the . 


community were then surviving, conditions might soon revert 
to the well-known endemic status. If continual additions of 
new entrants from other areas were made, however, the 
epidemic condition might continue almost indefinitely, and 
this is what is happening in most colonization and other 
schemes which have been stricken by malaria, new arrivals 
stultifying the efforts of the existing group to accommodate 
itself. 

It has been asserted by Wilson, Garnham and Swellen- 
grebel that the existence of this group immunity makes con- 
trol in some cases unnecessary or even undesirable. Efforts 
at a rational estimation of the cost of acquisition of tolerance 
are greatly frustrated by the fact that severe malaria always 
occurs in backward places. This may be a matter of cause 
and effect, but it means that it always occurs in places where 
statistics are extremely difficult to collect, and are usually 
unreliable when collected. It is possible at times to assess 
the gross mortality from all causes, but the attribution to a 
cause for large numbers of deaths is beset with difficulties in 
any but highly developed places. In the writer’s opinion, 
reliance can be placed only on gross mortality, and on the 
changes in it which follow malaria control in known highly 
malarious places. The plateau of Indo-China has been 
named as a typical place in which hyperendemic malaria 
occurs, and Farinaud and Choumara have demonstrated that 
control decreases mortality there by about 40%. A similar 
reduction, from 31.8 to 15.4 per 1,000, has been seen in the 
notorious North Central Province of Ceylon, which has for 
long been one of the most malarious parts of that country. 
Other comparable decreases have been seen elsewhere, and 
until some essential difference is demonstrated between 
happenings in these places and elsewhere it should be assumed 
that these reductions demonstrate the typical cost of acquiring 
a firm group tolerance to heavy malarial infection. 
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Until the early thirties the chemotherapy of malaria was 
comparatively simple, even if unsatisfactory. Quinine, 
inherited from the seventeenth century, still held sway, and 
directions for its use were fairly straightforward, although the 
experts, of course, each had a particularly favoured way of 
using it. A second drug, plasmoquine (pamaquin)', heralded 
with an appropriate fanfare because it was the first synthetic 
drug for malaria, appeared in 1926, but in the early thirties it 
was still in an experimental stage, and in any event no one 
suggested that it would rival quinine or that it would have 
more than special uses ancillary to quinine. Then, in 1931, 
atebrin (mepacrine) was announced, and as research with it 
proceeded, particularly by Field and his colleagues in Malaya, 
it became clear that the role of quinine was being challenged. 
If war had not broken out in 1939 the outcome of the challenge 
would, perhaps, never have been properly known, for the 
Germans had pushed on from atebrin and developed resochin 
(chloroquine) and sontochin (sontoquine) both of which were 
receiving field trials when war came. 

From 1931 to 1939 research on the chemotherapy of malaria 
had proceeded with the leisurely tempo of peace; from 1940 to 
1945 it rushed on urgently under the impetus of war. The 
Allies lost Java, and with it the source of most of the world’s 
supply of quinine; the war spread to the most malarial areas 
of the world, and the issues became clear—if the Allies were 
to fight in those areas they had to conquer malaria, and con- 
quer it without quinine. So research on the properties of 
known drugs, and research to find new drugs, became of 
paramount importance. 

The Americans did an enormous amount of work. They 
tested more than 14,000 substances against avian malarias, 
and about 100, chosen from 20 different groups of substances, 
in human beings; they carried out many detailed pharmaco- 

1 In this introductory section the name given to the drug is that by which it 
was best known in its early years; the name in brackets is, wherever possible, the 
non-proprietory name by which it is best known in Great Britain now. In sub- 


sequent sections the non-proprietory name will be'1sed. For synonyms of drugs 
see table on p. 38. 
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logical investigations that are models of their kind. From 
this work emerged (i) a knowledge of the attributes of the 
drug the Germans had called resochin, and which the Ameri- 
cans now called chloroquine; (ii) a variation on the same theme 
called cam-agi (camoquin); (iii) a confirmation of Sinton’s 
work in India on the combined use of plasmoquine and 
quinine for the radical cure of vivax malaria and its extension 
to two newly synthesized relatives of plasmoquine called 
pentaquine and isopentaquine (and later to a third called 
primaquine). All this was a most valuable and, in its size, 
an almost awe-inspiring contribution to fundamental know- 
ledge. Much of this contribution is summarized in the two 
volumes edited by Wiselogle which appeared in 1946, and 
material equal to at least another volume is scattered through 
the literature of the succeeding four years. 

The British worked on a smaller scale, but no less inten- 
sively. They confirmed and extended knowledge on the 
antimalarial activity and pharmacology of existing drugs, and 
pursued a search for new ones which finally led to a completely 
new type in paludrine (proguanil). 

Running side by side with the laboratory studies were ex- 
perimental clinical investigations of a kind and magnitude 
never attempted before and still only possible, unfortunately, 
in time of war. The Americans obtained the co-operation of 
civilian prisoners in their penitentiaries for experimental work 
on human infections, and the Australians, under Hamilton 
Fairley, established a laboratory at Cairns in Queensland 
where nearly 1,000 volunteers from the Australian Army were 
used in experiments so well conceived and so finely executed 
that they have received general acclaim. 

At the beginning of the war, then, we knew much about 
quinine, a fair amount about plasmoquine (pamaquin) and a 
fair amount about atebrin (mepacrine), and the Germans 
knew something about resochin and sontochin. Shortly after 
its ending we knew that mepacrine was generally superior to 
quinine; that resochin (chloroquine) and paludrine (proguanil) 
were undoubtedly valuable drugs; that cam-aqi was promis- 
ing, and that pamaquin or pentaquine or isopentaquine or 
primaquine should have a place in the chemotherapy of 
malaria. 

The specialist in all this work might look back and feel 
proud that his colleagues and he had made the resources 
against malaria superior, probably, to those for any other 
disease, but the unspecialized might be forgiven for feeling 
somewhat bewildered. It is the purpose of this review to help 
to clarify the position. Unfortunately, definite statements 
concerning the use of the drugs still cannot be made without 
an element of risk, mostly because of the existence of different 
strains of the malaria parasites, and the natural corollary 
that results achieved in one part of the world are not neces- 
sarily applicable to all parts. 

Sometimes, it seems, differences amongst strains of the 
same species may be almost as important as differences 
amongst the species. Thus James et al. (1932) reported that a 
Rome strain of Plasmodium falciparum required eight times as 
much quinine as did an Indian strain of the same species to 
effect a similar response (see also Shute, 1946). Again, the 
American workers showed that the Chesson strain of P. 
vivax is more refractory to quinine than the McCoy strain 
(Shannon et al. 1948), and the Costa strain of P. falciparum 
more refractory than the McClendon strain (Earle et al. 
1948a); while in their response to pamaquin there was as 
much difference between these two strains of P. falciparum as 
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between some strains of P. vivax and P. falciparum (Berliner et 
al. 1948a). Recently Covell et al. (1949b) showed that a West 
African strain of P. falciparum was more refractory to pro- 
guanil than the New Guinea strain studied by Fairley (1946). 
Important differences undoubtedly exist between strains of 
the malaria parasites, but one cannot help feeling that some- 
times the fact is abused, and unusual results in field experi- 
ments and in field use which might have arisen from lack of 
proper control are ascribed too easily to strain differences. 


1. Some Features in the Life-Cycle of the Malaria Parasite in 
the Vertebrate Host and their Significance for Chemotherapy 


Our newer knowledge of the life-cycle of the malaria 
parasite in the vertebrate host (reviewed by Professor Shortt 
in this number, p. 7) owes much to the stimulus of chemo- 
therapeutic investigations. It was because of James’s work in 
chemotherapy that he came to believe that sporozoites 
developed in fixed tissue cells, and later, when he and Tate 
discovered exoerythrocytic forms in P. gallinaceum, it was the 
possible significance of these latter for chemotherapy, pub- 
licized so ably by him, that focused so much attention on them. 
The knowledge that was then quickly gained of exoerythro- 
cytic forms in avian malaria, the chemotherapeutic experi- 
ments that were done with them, and the analogies that were 
drawn with results in human malaria, allowed the compilation 
of a mass of circumstantial evidence for the existence of 
exoerythrocytic forms in human malaria, and so gave an 
understanding of many of the problems of its chemotherapy 
(see, e.g. Davey, 1946). 

The life-cycle of the malaria parasite in most avian malarias, 
in cynomolgi infection in monkeys, in vivax malaria, and 
probably in quartan malaria, may be represented as follows: 


blood forms 
A 


primary or early | 


sporozoites ~-----> exoerythrocytic 
- y y secondary or late 
forms : ; 
exoerythrocytic 
forms 


and in falciparum malaria as follows: 


primary or early 
exoerythrocytic forms 


----> blood forms 


sporozoites ------> 


Some important conclusions can be drawn : 


i. A drug will not completely prevent an infection becoming 
established, and so will not qualify for description as a causal 
prophylactic drug, unless it acts on the sporozoites or on the 
early exoerythrocytic forms. 

ii. An established infection of vivax (and probably quartan) 
malaria having secondary or late exoerythrocytic forms 
present will not be eradicated by drugs acting only on blood 
forms, and will be liable to relapse, the relapse being due 
to the release of blood forms from the reservoir of exo- 
erythrocytic forms. 

iii. The number of exoerythrocytic forms present will be 
influenced considerably by the number of sporozoites injected, 
and in this respect it is noteworthy that infections with P. 
vivax following heavy inoculation of sporozoites are the most 
difficult to cure. It is also possible that their number may 
vary with the strain, which would help to explain why some 
strains, such as the S.W. Pacific, relapse more frequently and 
regularly than others, such as the Mediterranean and European 
strains. 

iv. A drug acting only on blood forms may completely 
cure falciparum malaria because exoerythrocytic forms do 
not persist. 

v. Clinical symptoms are caused, almost if not quite 
entirely, by the free reproduction of the blood forms. When 
this is hindered or suppressed clinical symptoms are masked, 
and so drugs acting only on blood forms may be used for 
** suppression ” or clinical prophylaxis. 

It may be of value, as it is of interest, to review the discovery 
of the main antimalarial drugs in the light of this life-cycle. 
The drugs fall into five classes: the cinchona alkaloids which 
include quinine; the 4-aminoquinolines which include 
chloroquine, sontochin, and camoquin; the 8-aminoquino- 
lines which include pamaquin, pentaquine, isopentaquine and 











SOME ANTIMALARIAL DRUGS AND THEIR SYNONYMS 





Chloroquine Mepacrine Pamaquin Proguanil Sontoquine 
Pentaquine 
SN13276 
amodiaquin aralen acriquine aminoquin chlorguanide nivaquine A 
cam-aqi nivaquine B atabrine beprochin diguanyl nivaquine C 
miaquin resochin atebrin gamefar drinupal santochin 
SN10751 tanakan chemiochin pamaquine guanatol santoquine lsopentaquine 
SN7618 chinacrin plasmochin paludrine sontochin SN13274 
3377RP crinodora plasmoquine palusil SN6911 
erion praequin tirian 3038RP 
| haffkinine quipenyl M4888 Primaquine 
italchina SN12837 SN13272 
malaricida 
metoquina 
quinacrine Quinine 








** Many drugs are known by several different names. 
code number, under which reports on their utility are usually published. 








During original experimental use they are known by a manufacturer’s 


If considered suitable for general use they are then put 


on the market under a manufacturer’s trade name which takes the place of the old number. Under certain conditions which amount 
to an official admission that they are of value (not necessarily a greater value than others) they are admitted to the official pharma- 
copoeias such as the British, the U.S. and the International Pharmacopoeias. Since the name under which they are already known 
is a trade name, the property of one manufacturer which no others can use, they are then given a new official name which anyone 
can use, which should become the permanently accepted name in the country recognising the Pharmacopoeia concerned.”’ 
(Anti-malarial drugs, Ross Institute Industrial Advisory Committee, Bulletin No. 2, 1949.) 
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primaquine; the diguanides which include proguanil, and the 
acridines which include mepacrine. 

We know now that quinine acts only on the blood forms of 
the malaria parasite. It has the following constitution (I): 
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When the Germans took up the chemotherapy of malaria 
they followed the idea that methylene blue (II) might be 
modified to produce an effective drug. Methylene blue had 
been tried because it stains, and therefore enters, the malaria 
parasite, and it was thought to have some action on it (Gutt- 
man & Ehrlich, 1891). The German researches led to the 
substance having formula III (compare with the structure of 
methylene blue given in formula II) which had some action in 
avian malaria (Schulemann, 1932). 
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The action was not pronounced enough for the substance 
to be considered as a drug, but nevertheless the Germans had 
learnt a valuable lesson from their investigations. The 
important difference between methylene blue and its active 
derivative is the existence of a “* basic side chain ” in the form 
of — in the second substance. The 


CH, 
Germans now introduced basic side chains of various kinds 


into the quinoline nucleus (because this nucleus is present in 
quinine) and eventually they synthesized pamaquin (IV). 


CH, 
N% 
NH.CH.(CH,);.N.(C.H,)s- 


CH; 
IV 
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Roehl (1926) discovered the antimalarial action of pamaquin 
by using a test devised to show its action on the blood forms 
of P. relictum in canaries. He used this parasite because no 
other, except the closely related P. cathemerium, was easily 
available to him; and he tested only against blood forms 
because exoerythrocytic forms were then unknown. We 
know now that pamaquin has an action on exoerythrocytic 
forms, but this result is fortuitous, as it were, to the main 
German line of research. 

Pamaquin is very active indeed in avian malaria, but its 
action in human malaria is disappointing in many ways; 
the Germans, therefore, continued the search for a more 
satisfactory drug. They put the basic side chain, which they 
had evolved during the pamaquin work, into other hetero- 
cyclic nuclei and finally produced mepacrine (V) in which, it 
will be noted, the side chain is “* opposite the ring nitrogen ”’, 
as it is in quinine. 


CH; 
| 
NH.CH.(CH,);.N.(C.Hs5)2 
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The next step was obvious, or at least it ser ned so after it was 
taken. If the right-hand ring of atebrin is removed, a quino- 
line with a side chain still opposite the nitrogen results. This 
substance is chloroquine (VI). 

CH; 


| 
NH.CH.(CH,);.N.(C,H;)s. 


Cl 


VI 


It appears that during its early trials chloroquine (then called 
resochin) was accused of producing some unpleasant side 
effects, and it was in an effort to reduce these that sontochin 
(VII), with its extra CH; group, was prepared. 


CH, 
| 
NH.CH.(CH,),.N.(C,H;)2 


H; 
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VII 


All three substances, mepacrine, chloroquine, and sontochin, 
were found by testing against the blood forms of P. relictum. 
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Exoerythrocytic forms were still not taken into account 
and, unlike what happened with pamaquin, no fortuitous 
action against them has been found subsequently. It is very 
probable that these three drugs, together with quinine and 


camoquin (VIII) 
a 
NH J 


y é ‘cH, . N(C,Hs), 
a J 


have a similar fundamental action against malaria parasites- 
All bear a structural similarity to one another; all except 
mepacrine are quinolines, and mepacrine may be regarded as 
containing the quinoline nucleus; all have side chains opposite 
the ring nitrogen; none has an action on exoerythrocytic 
forms and so none can be expected to act as a causal prophy- 
lactic drug or to achieve the radical cure of vivax or quartan 
malaria. 

By the time the Second World War started, exoerythrocytic 
forms had become of paramount importance to many workers 
searching for new antimalarial drugs, and, in the work that led 
to proguanil, tests against these forms ran parallel with tests 
against the blood forms (Curd, Davey & Rose, 1945). 
Proguanil (IX) is a completely new type of antimalarial drug 
with a potent action against both the blood forms and the 
exoerythrocytic forms of avian malaria. Its action against 
the exoerythrocytic forms in avian malaria was, of course, 
microscopically demonstrable. Because of this, the close 
parallelism between the specific effects achieved with proguanil 
on the course of the infection in avian malaria, which 
were due to this action, and those subsequently achieved by 
Fairley (1945) in his work. with human volunteers, provided a 
very striking indication that exoerythrocytic forms would one 
day be found in human malaria. 

The main steps (very simplified) in the investigation leading 
to proguanil are indicated below : 


VItl 


fotos, —_ 
H.NC >SO,NHC ew : 
| N—— by analogy and 
sulphadiazine * with luck 


N° CH; 
\ 4 i 
Ck oes > 
NH(CH,);- N(CH). 


2666 (active in avian malaria) 


then by “ cutting off” the 
2666 molecule above the 


dotted line and by subse- identi 
quent development | 
cK —NH.C.NH.C.NH.CH.(CH,), 
YT 
NH 
4888 (proguanil) 
1X 


2. Pharmacology of Antimalarial Drugs 

Because the malaria organisms parasitize the red cells, one 
of the essential features of an antimalarial drug, at least for the 
control of clinical symptoms, is that it should enter these cells, 
and, of course, all the antimalarial drugs which have been 
investigated do so. But the concentrations they attain in the 
red cells vary. Thus with quinine the concentration of the 
drug within the red cells may be only one-eighth of the con- 
centration in the plasma (Taggart et al. 1948), whereas with 
mepacrine, chloroquine, and proguanil the ratio is at least 
unity, and often the concentration in the red cells is greater 
than in the plasma, sometimes by as much as four times. 
This explains, in part at any rate, the high doses necessary 
with quinine compared with the other drugs. 

The ease with which a particular concentration in the red 
cells is attained and maintained depends on the rate of absorp- 
tion of the drug from the alimentary canal, the competition 
between the red cells and other body constituents (tissues, 
plasma proteins, etc.) for the drug, and the rate at which the 
body degrades or excretes it. Mepacrine and chloroquine 
(and sontochin) behave similarly to one another. They are 
rapidly absorbed—peak concentrations being attained about 
two hours after ingestion—and rapidly localized in the tissues, 
where they tend to be retained and this, coupled with a slow 
rate of degradation, causes them to persist. The “ localiza- 
tion” of chloroquine is seen in the following figures, taken 
from Berliner et al. (1948b). They show the relative concen- 
trations of the drug found in the tissues of rats after treatment 
for ten days. Taking the concentration in plasma as unity 
(it was actually 157 wg./l.) the concentration in the red cells 
was 1.9, brain 31, muscle 41, heart 150, liver 420, lung 640, 
kidney 670. 

The competition for these drugs between the rest of the 
tissues and the red cells means that a great deal of the dose is 
** lost ’ in the tissues, and, to attain therapeutic concentrations 
within the red cells quickly, *‘ loading doses ’’ must be given. 
Subsequent reduction in the concentration of the drug in the 
red cells is slow, and therapeutic concentrations can be kept 
up by lower “‘ maintenance” doses. This is the principle on 
which the present-day therapeutic regimes for mepacrine and 
chloroquine are based. It is not without interest that Shannon 
and his collaborators published their pharmacological argu- 
ment for the rational use of mepacrine in 1944, and Bryant 
(1942), Stephenson (1943) and Epstein (1943) had already 
reached a similar conclusion regarding the efficacy of a loading 
dose on purely clinical grounds. 

Proguanil is also localized in the tissues (Spinks, 1946; 
Maegraith et al. 1946), but, partly because the plasma con- 
centrations (and therefore the red cell concentrations) are so 
much higher than after comparable doses of mepacrine or 
chloroquine, and partly because extraordinarily low con- 
centrations appear to be active, the need for a loading dose 
probably does not arise. Thus Maegraith and his colleagues 
showed that a single oral dose of 100 mg. of proguanil gave 
peak plasma concentrations of about 50 ug./l. and they think 
that ac »ncentration as low as 6 ug./l. is probably active against 
P. vivax. Higher doses of proguanil lead to a longer persist- 
ence of the drug, but on the customary treatment schedule of 
two or three daily doses, this is probably not of considerable 
importance. Although proguanil is localized in the tissues it 
is not as firmly fixed there as mepacrine and chloroquine; it 
also appears to be degraded more rapidly and so does not 
persist in the way that the other two drugs do. 
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Quinine and the 8-aminoquinolines differ from the other 
drugs in the speed with which they disappear from the body, 
mostly as the result of degradative processes, and plasma con- 
centrations fall very rapidly after each dose. With these 
drugs, therefore, what is required is not loading and main- 
tenance doses, but doses as high as possible, frequently 
administered. 

The plasma levels attained by the 8-aminoquinolines are 
made much higher by concurrent administration of mepacrine 
and proguanil, but not of quinine (Zubrod, Kennedy & 
Shannon, 1948; Jones et al. 1948b), and yet neither mepacrine 
nor proguanil enhances the curative effect of these drugs in the 
way that quinine does (see section 4). 

It will be clear, even from this cursory summary of the 
pharmacology of the antimalarial drugs, that there is much of 
potential practical value in the knowledge that has been gained, 
and any experimental clinician is at a serious disadvantage if 
he ignores this work. Further information on mepacrine can 
be obtained from the work of Shannon et al. (1944), and the 
reports of the Army Malaria Research Unit (1945, 1946; Army 
Malaria Research Unit & Nuffield Institute for Medical 
Research, 1946); on chloroquine, from Schmidt (1946) and 
Berliner et al. (1948b); on proguanil, from Maegraith et al. 
(1946), Spinks (1946), and Schmidt, Hughes & Smith (1947); 
on quinine, from Taggart et al. (1948); and on the 8-amino- 
quinolines, from Zubrod et al. (1948), and Alving et al. (1948a). 
There is evidence that proguanil is changed by the body into a 
more active substance (Hawking & Perry, 1948) and also that 
pamadquin is not itself the active agent (Josephson et al. 1950; 
Drake & Pratt, 1951). 

Concerning the mode of action of these drugs a whole 
volume could be written, but it would be concerned entirely 
with how they might act, not withhow they do act. (Foraguide 
to this literature see Sexton, 1949; Findlay, 1951, Chapter XI.) 


3. Toxicity of Antimalarial Drugs 


The 8-aminoquinolines. Since its early days pamaquin has 
been regarded as a drug to be given only under medical 
supervision, and the same is true of its newer relatives. 
With all of them, the margin between the effective doses and 
toxic doses is relatively small; and so they must be classed as 
“toxic” drugs. The commonly occurring side effects are 
gastrointestinal discomfort and cyanosis, but the dangerous 
effect which may occur (rarely in white races, somewhat more 
often in coloured races) is haemolytic anaemia (Alving, 1948, 
1949; Earle et al. 1948c; Craige et al. 1948a; Alving et al. 
1948a). Concurrent administration of mepacrine may in- 
crease the toxicity of the 8-aminoquinolines, and concurrent 
administration of sulphadiazine is potentially dangerous 
(Atchley et al. 1948). 

Quinine. This drug, of course, is customarily regarded as 
one of the safe drugs and its side effects, too well known to 
need mention here, would be described as unpleasant rather 
than dangerous. But its use may sometimes lead to black- 
water fever (which in a way is still a side effect) in chronic 
falciparum infections; and blackwater fever is certainly 
dangerous. 

Mepacrine. Side effects caused by mepacrine include 
yellow discoloration of the skin (of aesthetic moment only), 
gastrointestinal disturbances (mostly during the beginning of 
treatment and rarely persistent), mental symptoms ranging 
from light-headedness, euphoria or depression to marked 
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mental disturbances, and serious skin reactions. The serious 
toxic effects occur very rarely. For a review of the subject 
see Findlay (1947). 

Camoquin. There is little information on the toxicity of 
camoquin. In the rather limited field trials which have been 
described so far, no toxic effects have been noticed, except 
sometimes slight nausea, in doses of 10 mg./kg. body-weight, 
or less. 

Chloroquine. At doses somewhat higher than those 
recommended, chloroquine may cause difficulties in vision, 
bleaching of hair, slight loss of weight, and headache (Alving 
et al. 1948b). Two cases of lichen planus possibly due to the 
drug have been recorded (Craige et al. 1948b). During 
therapeutic or suppressive use pruritus, gastrointestinal 
disturbances, and blurred vision may occur (Loeb et al. 1946; 
Most et al. 1946b; Maier, 1948; van der Walle, 1949). 

Sontochin. This drug has been used but little and no 
studies on toxicity have been reported. 

Proguanil. Of all the antimalarial drugs proguanil has 
probably the widest range between effective doses and doses 
producing side effects (Adams et al. 1945). Minor effects 
such as nausea, vomiting, and gastric discomfort may be 
caused by doses of the order of 1,000 mg. or more per day, and 
more rarely haematuria may be produced (Fairley, 1946). 
Haematuria has also been reported in a child weighing 23 kg. 
who was given 800 mg. in two days (Thiodet & Fabregoule, 
1949). Doses larger than any that need be used therapeuti- 
cally have been shown to cause inhibition of gastric secretion 
(Vane, 1949). An odd nervous and very individual effect has 
been described by Billington (1950). 


4. Present Indications for the Use of the Known 
Antimalarial Drugs 


The perfect antimalarial drug should be a causal prophy- 
lactic and a radical cure for all types of human malaria, and 
should achieve its ends in easily tolerated doses. By these 
standards none of the known drugs is perfect, but with a 
combination of them a near approach to the ideal can be made. 
Before suggesting how, it will be useful to give a brief outline 
of the antimalarial properties of the drugs that concern us here. 
The brevity of the account precludes specifically mentioning 
every reference that has been read, and sometimes the work of 
many has been telescoped into general statements; it also 
precludes discussing substances such as the sulphonamides, the 
naphthoquinines, 3349, etc., which have been tried in human 
malaria. For other view-points the reader is referred to the 
reviews by Coatney (1949), Coggeshall & Craige (1949), 
Cooper (1949), Covell (1949), Fairley (1949), Field (1949), 
and Findlay (1951). 

Causal Prophylactic Action. None of the drugs has an 
action on sporozoites, and only the 8-aminoquinolines and 
proguanil have an action on early exoerythrocytic forms. 
That of the 8-aminoquinolines is exhibited only at doses 
too toxic for continuous administration (James, Nicol & 
Shute, 1931; James et al. 1932; Jones et al. 1948a) and that 
of proguanil only fully against the early exoerythrocytic forms 
of P. falciparum (Fairley, 1945). 

Action against Asexual Parasites. All the drugs, quinine, 
mepacrine, the 4-aminoquinolines, proguanil, and the 8- 
aminoquinolines, have an action on the asexual parasites, but 
that of the 8-aminoquinolines is marked only at doses that are 
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dangerous. Any of the others will control clinical symptoms 
adequately, and an order of superiority (or preference) can 
only be arrived at following a consideration of other factors 
such as speed and completeness of action, absence of side 
effects, price, etc. 

The use of quinine is tending more and more to be restricted 
to the treatment of cerebral falciparum malaria, and, in 
conjunction with one of the 8-aminoquinolines, to the radical 
cure of vivax malaria. 

Of the 4-aminoquinolines, camoquin suffers from a lack of 
stringent experiments to assess it adequately. It is possibly as 
effective as chloroquine, but chloroquine has been tested far 
more extensively and thus it is easier to make specific claims 
for it. Chloroquine has also been tested more than sontochin, 
and, in the few comparative tests made, it appears better 
(Berliner et al. 1948b). The virtues of chloroquine (apart from 
the fact that it is colourless, which is also true of camoquin and 
sontochin) that make it superior to mepacrine are a combin- 
ation of higher intrinsic activity with persistence (Berliner 
et al. 1948b; Pullman et al. 1948), so allowing a short course 
of treatment and, when it is used prophylactically, wider 
spaced doses. 

Proguanil has probably had the greatest use of any of the 
newer drugs, and more is known of its advantages and disad- 
vantages. On the credit side it appears to be the best tolerated 
of all the drugs, with the biggest margin between effective and 
toxic doses (see, e.g. Adams et ai. 1945; Maegraith et al. 
1945) and “it is the most active suppressive agent in vivax 
malaria yet described ” (Earle et al. 1948b). On the debit side 
it is sometimes slow in action, not always completely effective 
against falciparum malaria, and parasites may become resist- 
ant to it (see section 4b).2, With regard to its speed of action, 
it should be pointed out that regrettably few of the compari- 
sons made between the various drugs are adequate. Probably 
quinine, mepacrine, the 4-aminoquinolines, and proguanil all 
control fever and parasites in the majority of patients within 
three days, and none in less than a day, so that a comparison of 
speeds of action comes down to a matter of hours. Yet far 
too many observers feel it possible to reach firm conclusions 
from a dozen or so patients when clearly the vagaries of 
malaria, and the fineness of the distinction being drawn, 
demand many more cases. One other point is relevant to a 
consideration of speed of action. The parasites have 
reached the large trophozoite stage before being finally 
inhibited by proguanil (Black, 1946), and such parasites, 
persisting for some time as they do, might be much more 
easily observed than inhibited ring forms. 

Action against Gametocytes. The behaviour of the gameto- 
cytes of P. vivax and of P. falciparum appears to be very 
different. Those of P. falciparum may persist in the circula- 
ting blood for many weeks, whereas those of P. vivax disappear 
quite quickly following control of the acute attack. It is 
therefore easy to discern that a drug may have no direct action 
on the gametocytes of P. falciparum and equally easy to 
suppose that it has a direct action on those of P. vivax. The 
most careful study of the question made is probably that of 
Mackerras & Ercole (1949a, 1949b) who concluded that (i) 
only pamaquin has a direct action on all the stages of growth 
of the gametocytes of P. falciparum and P. vivax (a conclusion 
probably also applicable to the other 8-aminoquinolines) ; (ii) 
quinine and mepacrine affect the actively growing gametocytes 


* See also Bishop, p. 47 of this Bulletin. 
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of P. vivax, but not the adult forms, and (iii) quinine, but not 
mepacrine, inhibits the growth of very young forms of the 
gametocytes of P. falciparum, while neither drug affects the 
adult forms. The action of proguanil is interesting. It 
appears to have no direct action on the gametocytes, but if 
some of the drug, even in very small concentration, is imbibed 
by the mosquito along with the gametocytes the development 
of oocysts, and so of sporozoites, is prevented (Mackerras & 
Ercole, 1947; Shute & Maryon, 1948). 


a. Simple Treatment of the Acute Attack 


By this is meant treatment taken only so far that clinical 
symptoms are controlled, the infection not necessarily being 
sterilized. It is a form of treatment which is used in endemic 
areas amongst backward peoples whose measures of personal 
protection are virtually nil, who are often exposed to re- 
infection, and who probably have some measure of immunity. 
Simplicity and cheapness are amongst the main requisites for 
such treatment and single-dose therapy is what is required. 
Proguanil, camoquin, and chloroquine are all effective. The 
optimum single dose of proguanil is 300 mg. as hydrochloride 
(see, e.g. the review by Afridi, 1947), and of camoquin is 400 to 
600 mg. of base (see, e.g. Ejercito & Duque, 1948; Hoekenga, 
1950, 1951; Chaudhuri & Chakravarty, 1948). Chloroquine 
has been used mostly in either 1- to 3-day courses of treatment 
such as the standard recommended treatment (see below) 
or 600 mg. followed 12 hours later by 600 mg. (Durand, 
Schneider & Dupoux, 1949; Butts, 1950), but Chaudhuri, 
Rai Chaudhuri & Chakravarty (1948) have given single doses 
of 1,500 mg. (base), Penido, de Sousa & Bezerra (1948) single 
doses of 1,000 mg. (base), and Halawani & Baz (1950) single 
doses of 600 mg. (base). 


b. Radical Cure of Falciparum Malaria 


Because of the apparent absence of late exoerythrocytic 
forms from this infection, radical cure can be obtained with 
drugs acting only on the blood parasites. Quinine, 10 grains? 
ter in die (t.i.d.) for 14 days, gives a good proportion of cures, 
but would not be recommended nowadays because of its 
association with blackwater fever. Mepacrine, 200 mg. every 
6 hours on the first day, then 100 mg. t.i.d. for 6 days, gives a 
higher proportion of cures; it is preferably followed by an 
after-treatment of 100 mg. daily for, say, one month. Pro- 
guanil, 100 mg. t.i.d. for 10 days, gave extremely good results 
with New Guinea strains (Fairley, 1946) and Maegraith & 
Andrews (1949) have obtained very good results with 300 mg. 
bis in die (b.i.d.) for 7 days, but failure to obtain radical cure 
has been reported with a Lagos (West Africa) strain (Covell 
et al. 1949b), with Eritrean strains (Ferro-Luzzi, 1948a, 
1948b), and with exceptional cases in India (Chaudhuri & Rai 
Chaudhuri, 1949). The West African strain, however, was 
successfully treated by including mepacrine, 300 mg. t.i.d., on 
the first day of treatment and proceeding subsequently with 
proguanil alone, 100 mg. t.i.d. for 9 days (Covell et al. 1949b), 
and this course has been recommended (Covell, 1949). The 
standard recommended treatment with chloroquine—600 mg. 
(base) followed 6 hours later by 300 mg., then 300 mg. once daily 
for 2 days—has resolved attacks quickly and led to radical 
cure (Loeb et al. 1946). If more extended work shows that 
this holds good generally, then chloroquine is clearly the drug 
of choice for the treatment of falciparum malaria. 

From an epidemiological view-point it is probably always 


* 1 grain = 65 mg. 
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wise to render the gametocytes innocuous. This can be 
achieved with a short course of one of the 8-aminoquinolines 
(say 10 mg. t.i.d. for 3 days) or by giving an after-treatment 
(100 mg. daily for 6 weeks) with proguanil. 


c. Parenteral Administration 


If oral treatment is not possible quinine can be given intra- 
venously or intramuscularly (see section d below); mepacrine 
intramuscularly in doses of 200 to 400 mg., and intravenously 
with great care (Machella, Kimmelman & Lewis, 1947); 
proguanil intravenously in doses of 400 to 700 mg. (Chaudhuri 
& Chakravarti, 1949; Mullick & Gupta, 1948); chloroquine 
intramuscularly in doses of 200 mg. (base) (Culweil et al. 1948; 
Spicknall et al. 1949), and intravenously (see below); and 
camoquin intramuscularly in doses of 123 mg. (base) (Payne, 
Sharp & Nickel, 1949). The intramuscular injection of any 
drug is almost bound to lead to some local necrosis (see, e.g. 
Hawking, 1943, 1944; Innes, 1947) and intravenous adminis- 
tration, if it is possible, is to be preferred. 


d. Treatment of Cerebral Malaria 


Quinine is the time-honoured remedy for cerebral malaria, 
and because this pernicious form will kill unless something is 
done quickly, and quinine is known to be effective, misgivings 
about the possibility of precipitating blackwater fever are 
forgotten. The drug is preferably given intravenously, 
either by the injection of 6 to 10 grains of hydrochloride at a 
rate not exceeding one grain per minute or even one grain in 
2-4 minutes (see, e.g. Rogan, 1944), or by the drip method 
(Strahan, 1948). There are, however, advocates of 10 grains 
given intramuscularly (see, e.g. the discussion on Christophers’s 
paper, 1942; Young & Macaden, 1944). 

Proguanil has been used successfully in a few gravely ill 
cases by Chaudhuri & Chakravarti (1949) and De & Datta 
(1947), in India, but the partial refractoriness of some strains 
such as the Lagos and Eritrean strains mentioned above pre- 
cludes a general recommendation for its use in cerebral 
malaria. Possibly, too, the fact that proguanil allows the 
parasite to reach the large trophozoite stage before finally 
inhibiting its growth militates against its use in cases where 
speed of action is so essential (Black, 1949). 

Chloroquine has been given intravenously as dihydrochlor- 
ide by Scott (1950) in doses of 5.7 to 14.9 mg. base/kg. body- 
weight to 110 cases, three of whom had cerebral symptoms, 
with successful results. The dose was best administered as an 
infusion, given slowly over one hour. 

Cerebral malaria is so serious, and quinine such a successful 
remedy, that most workers are chary of experimenting, but on 
a priori grounds there is no reason to suppose that chloroquine 
and perhaps camoquin would be not equally successful. 


e. Radical Cure of Vivax Malaria 


Different strains of P. vivax vary in the number and fre- 
quency of the relapses they produce (compare, e.g. the 
** virulent ” New Guinea strain of Fairley and the Chesson 
strain of the American workers—which may relapse within 
six weeks—with the “ benign” St Elizabeth strain of the 
American workers and the Madagascar strain of the Horton 
workers, which may not relapse for several months), but the 
only drugs known which affect the final relapse rate in any of 
them are the 8-aminoquinolines. The early successful results 
of Sinton & Bird (1928) with pamaquin were confirmed and 
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extended during the last war (e.g. Kelleher & Thompson, 1945; 
Most et al. 1946a; Johnstone, 1946, 1947; Ruhe et al. 1949) 
and led the Americans to try to find more active and less 
toxic related compounds. Their researches led to pentaquine, 
isopentaquine and primaquine. These three substances 
differ from pamaquin only in the basic side chain. The 
constitution of this side chain in pentaquine is 


NH.(CH;);. NH.CH.(CHs)2, 


NH.CH.(CH.,)3;. NH.CH.(CHs). 
in isopentaquine is 
CH, 


NH.CH.(CH:)3-NHsg. 
and in primaquine is | 
CH; 


Pentaquine is about half to three-quarters as toxic as 
pamaquin and about twice as active; isopentaquine is about 
half as toxic as pentaquine and equally active (Alving, 1948); 
and workers who have used all three think that primaquine 
(on which there is no detailed published information) is still 
better (personal communication from Dr L. H. Schmidt).4 
It is perhaps dangerous at this stage to make generalized 
statements, but nevertheless some are given below. They are 
based on the papers of Alving (1948), Alving et al. (1948a, 
1948c), Loeb (1946), Monk (1948a, 1948b), Straus & Gennis 
(1948), Spicknall & Terry (1948), White et al. (1948) and 
Coggeshall & Rice (1949). 

i. The curative effect of the 8-aminoquinolines must 
depend, or so it would seem, on their action on late exo- 
erythrocytic forms. Nevertheless the effect appears to be 
potentiated by quinine, which has no known action on these 
forms, and not by the other schizonticidal drugs. 

ii. The cure of a really heavy primary infection of P. vivax 
apparently requires the administration of an 8-aminoquino- 
line, with quinine, every four hours throughout the 24 for 14 
days, and the doses, even of the newer substances, would be 
considered by many as too high for routine use (except, 
possibly, of primaquine—see footnote 4). 

iii. A very high proportion of cures of light infections and of 
relapse cases can be obtained by giving about 10 mg. (base) 
together with 5 to 10 grains of quinine every 8 hours for 14 
days. Pamaquin was given in this dose to many hundreds of 
patients during the last war, and since its newer relatives are 
less toxic and more effective, one of them will probably come 
into routine use. It is unlikely that doses of 10 mg. of 
whichever drug is chosen will produce serious toxic effects, but, 
even so, until further information is available, the treatment 
should only be given under daily medical supervision. 

iv. When the test offered the 8-aminoquinolines is a less 
severe one (as in the treatment of relapses), it seems that the 
potentiating effect of quinine is no longer apparent, and pro- 
guanil (100 mg. t.i.d.) can take its place (Fairley, 1946; Monk, 
1948b). 

If the attempt to achieve radical cure is not made, the best 
that can be done is simply to clear the circulating blood of 


* A recent paper by Edgcomb, Arnold, Yount, Alving, Eichelberger, Jeffery 
Eyles & Young (7. nat. Malar. Soc. 1950, 9, 285) gives the first published account 
of clinical investigations with primaquine. The authors claim that a total daily 
dose of 22.5 mg. of primaquine and 1.64 g. of quinine divided into six equal 
amounts and given at 4-hourly intervals for 14 days cures primary attacks of P. 
vivax Chesson strain. This dose of primaquine is said to be relatively non-toxic 
and primaquine to be “‘ about four times as active as the best of the other 


members of the family”. 
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parasites, and this can be accomplished usually by a short 
course of treatment. A three-day treatment with mepacrine, 
proguanil or chloroquine or even a single dose of 300 mg. of 
proguanil (Maegraith, 1948) isenoughin mostcases. Relapses 
will be delayed longer following the administration of a 
persistent drug such as chloroquine, or they can be warded off 
by an after-treatment. 


f. Treatment of Quartan Malaria 


There is comparatively little information concerning the 
treatment of quartan malaria. Quinine, mepacrine, proguanil, 
chloroquine and camoquin have all been used successfully 
and all are relatively slow (see, e.g. Young & Eyles, 1948; 
Afridi, 1947; Durand et al. 1949; Schneider & Méchall, 
1949). 


g. Prophylaxis 


Causal prophylaxis against P. falciparum can be obtained 
with easily tolerated doses of proguanil (Fairley, 1946; Covell 
et al. 1949a ; Ciuca, Baliff & Chelaresco, 1948) but not against 
P. vivax (Fairley, 1946). The other drugs act only as sup- 
pressives against both species. Quinine would not be recom- 
mended nowadays because of its failure, sometimes, to sup- 
press P. falciparum (Thompson, 1943; Fairley, 1945) and also 
because of its association with blackwater fever (the two facts 
are probably correlated). Mepacrine is highly effective in a 
daily dose of 100 mg. but for aesthetic and other reasons it is 
being superseded by the newer drugs. Information on 
camoquin is too limited for it to be assessed. Chloroquine 
is recommended to be used in a dose of 300 mg. (base) given 
on the same day each week. There is evidence from field 
experiments that this gives very satisfactory although not 
perfect results (e.g. Goldsmith, 1946, in Assam; Boldt & 
Goodwine, 1949, in Panama; Doucet, 1947, in the Belgian 
Congo; Canet, 1949, in French Indo-China; Smith, Dy & 
Cabrera, 1948, in the Philippines) but strictly controlled ex- 
perimental studies are very limited (see below). Proguanil is 
recommended in doses of 100 mg. daily which, from Fairley’s 
(1946) finely designed and executed experiments, should 
work almost perfectly, but criticisms have been voiced from 
West Africa (e.g. Davey & Smith, 1949; Jelliffe, 1949); 
alternatively, proguanil may be given twice weekly, 100 mg. 
at 3- and 4-day intervals, and has given satisfactory though not 
perfect results in many parts of the world (e.g. Mullick, 1948, 
and Ray, 1948, in India; Beltran & Nieto, 1948, in Mexico; 
Dixon, 1950, in Kenya), or 300 mg. may be given on the same 
day each week, a form of treatment used on a very large scale 
in, for example, India and Malaya. 

On the evidence at present available, the choice of a 
prophylactic drug seems to lie between proguanil and chloro- 
quine, but whether one is much superior to the other remains 
to be seen. Only two rigidly controlled comparisons between 
them appear to have been made, and both experiments were 
limited in the test they offered to the drugs. In a suppressive 
trial with the Chesson strain of P. vivax, both drugs were 
equally effective in a dose of 300 mg. once weekly (Lints et al. 
1950), and in a trial with the McCoy strain of P. vivax and the 
Costa strain of P. falciparum, proguanil at a third of the dose 
of chloroquine achieved results as good (Packer, 1947). If 
the drugs are about equally effective at the recommended 
doses the deciding factors between them are toxicity and price, 
and by these criteria proguanil has the advantage. 


The shadow overhanging the use of proguanil prophylactic- 
ally is the possibility that resistance to it may develop. Under 
artificial conditions P. vivax has been made resistant (Seaton 
& Lourie, 1949; Cooper, Coatney & Imboden, 1950), and so 
has P. falciparum (Seaton & Adams, 1949), and there is evi- 
dence that resistance may develop in the field (Edeson & 
Field, 1950; van Goor & Lodens, 1950). Resistance prob- 
ably would not develop if proguanil were used adequately 
always, but of course this is much to ask. The best way, 
perhaps, of overcoming the danger is to recommend that in 
areas where proguanil is used prophylactically all ‘ breaks- 
through ’, real or imagined, should be treated with another 
drug, and the treatment, whenever possible, pushed to radical 
cure. Chloroquine would appear to be the most suitable 
drug for this treatment because its 3-day course is likely to 
lead to radical cure of falciparum malaria. And a short 
course of treatment is all-important in the areas where 
* breaks-through ’ are most likely. 

Regarding the choice between daily and weekly prophylaxis, 
it is clear that if the administration of the drug has to be 
supervised then weekly treatment would be preferred. If, 
however, the administration is left to the individual then 
daily treatment might be better because the majority of 
individuals will forget a dose sometimes, and it is obviously 
less dangerous to forget an occasional daily dose than an 
occasional weekly one. 


5. The Future 


All who are acquainted with the literature on the chemo- 
therapy of malaria appréciate the great value of the éxperi- 
ments done on volunteers during the last war. The potentia- 
lities of new substances were quickly assessed and confusion 
concerning the old was clarified. Unfortunately, confusion 
concerning the new substances (and even the old again) is 
breaking out afresh. Statement and counter-statement are 
made and, the war being over, and volunteers and arrange- 
ments to use them being dispersed, there is no easy way of 
discovering the truth. Two recent publications show the 
problem. L. J. & J. M. Bruce-Chwatt (1950) did a service in 
collecting together information concerning the use and 
efficacy of antimalarial drugs in Nigeria. Their survey showed 
that proguanil was the most widely used and the most suc- 
cessful prophylactic drug, but the feature causing worry is the 
number of alleged ‘ breaks-through ’ occurring with all drugs, 
proguanil, quinine, mepacrine and chloroquine. Again 
Messent (1951), writing from the Gold Coast, has expressed 
serious dissatisfaction with chloroquine. Are these results 
from West Africa due to the strains being different, or are the 
drugs used carelessly? It is unlikely that field observations 
alone can give the complete answer, whilst controlled experi- 
ments in volunteers would easily do so. Therapeutic malaria 
can be utilized to give valuable results (see, e.g. Covell et al. 
1949a, 1949b)5, but the need for it is rapidly diminishing, and 
there seems to be no real substitute for organized experiments 
in volunteers. We can only hope that such experiments will 
indeed be done again and in the meantime make a plea that 
field observation and field work be done meticulously. 

Everyone will agree that the modern drugs are good, and 
that much can be accomplished with them. They are so 
good as to present a challenge to the user as well as to malaria. 


5 See also Covell & Nicol, r. 51 of this Bulletin. 
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The development of drug-resistance in parasitic organisms 
was first observed, in trypanosomes, in Ehrlich’s laboratory 
almost half a century ago; but it was not until the introduction 
of sulphonamides and antibiotics in the treatment of bacterial 
infections that the problem became one of general interest. 

Although quinine has been used in the treatment of 
malaria for more than 300 years the malaria parasite has not 
lost its sensitivity to the drug. It is well known, however, 
that some strains of maiaria are more sensitive to quinine than 
others; thus James, Nicol & Shute (1932), in comparing the 
amount required to control a primary attack of their Roman 
and Sardinian strains of Plasmodium falciparum with Indian 
strains of the same species, found that the Roman and Sardi- 
nian strains required eight times as much as the Indian; 
but hitherto there has been no proof that such quinine- 
refractory strains have been produced by the action of the 
drug. That the sensitivity of a strain of malaria organism 
to a drug can be altered by the action of the drug was shown 
by Nauck (1934) and Fulton & Yorke (1941) in monkey 
malaria. Nauck described the development of resistance to 
quinine and pamaquin (also known as plasmoquine or 
plasmochin) in relapsed infections of P. knowlesi in Macacus 
rhesus, and Fulton & Yorke produced a fourfold enhancement 
of resistance to pamaquin in the same species of malaria by 
treatment with gradually increasing doses of the drug. 

During the Second World War the main source of quinine 
(Java) fell into enemy hands, and synthetic compounds were 
used extensively in the treatment of malaria. The possi- 
bility that such compounds might give rise to drug-resistant 
strains of malaria could not be ignored. 


1. Resistance to Proguanil 
a. In P. gallinaceum 


In 1947 Bishop & Birkett, and Williamson, Bertram & 
Lourie, working independently, announced that they had 


Vol. 8 No. 1 


47 


produced a fortyfold increase in resistance to the new synthetic 
antimalarial drug paludrine (also known as proguanil and 
chlorguanide) in P. gallinaceum, a species of avian malaria. 
In these experiments the strains of P. gallinaceum were passed, 
at intervals of a few days, through young chicks by intraven- 
ous injection of infected blood. The drug was given orally. 
In Bishop & Birkett’s experiments the initial doses of pro- 
guanil were so small that they had no apparent effect upon the 
parasites; but the dose was gradually increased as resistance 
to the drug began to develop, until finally heavy infections 
were produced in birds receiving the maximum dose that 
they could tolerate. The proguanil-resistant parasites were 
normal in appearance and the infections which they produced 
did not differ in virulence from those produced by the un- 
treated parent strain. In these experiments drug-resistance 
had been developed under highly artificial conditions, the 
infections being passed from bird to bird by syringe. The 
problem whether a drug-resistant strain would retain its 
resistance after it had been transmitted in the natural way— 
by the mosquito—was one of great practical importance. 
If drug-resistance were not retained, it could not become a 
problem in the therapeutic control of malaria, as even if it 
developed in strains of human malaria during treatment it 
would not be transmitted. 

It has been known for many years that trypanosomes made 
resistant to a drug remain resistant after being transmitted by 
the tsetse fly; but trypanosomes differ from malaria parasites 
in that they do not undergo sexual reproduction in the insect 
vector. In the life-cycle of the malaria parasite the macro- 
gamete undergoes fertilization by the microgamete in the 
stomach of the mosquito. This difference between the two 
life-cycles is a fundamental one biologically. 

However, both Bishop & Birkett (1947, 1948) and William- 
son et al. (1947) found that no loss of resistance to the drug 
occurred when a proguanil-resistant strain of P. gallinaceum 
was transmitted from chick to chick by the mosquito Aédes 
aegypti; indeed Bishop & Birkett passed one strain five times 
through mosquitoes, without intervening drug-treatment, 
but resistance was not diminished. No other organism has 
been shown to retain its resistance to a drug after so many 
changes in its environment. Thus drug-resistance developed 
whilst the parasite was reproducing asexually in the erythro- 
cytes of the vertebrate host, it persisted through sexual and 
sporogonic development in the stomach and tissues of the 
mosquito, and through exoerythrocytic development in the 
tissues of the vertebrate host. Once resistance to proguanil 
is produced it is of a very stable nature. Further proof of 
the stability of proguanil-resistance was provided by Bishop 
& McConnachie (1950a). These workers kept a proguanil- 
resistant strain of P. gallinaceum in a state of acute infection, 
by intravenous passage through young chicks, for more than 
one year without contact with the drug. Throughout this 
period the multiplication of the parasites was at a high level 
but no loss in resistance occurred. 


b. In Monkey and Human Malaria 

Proof was soon forthcoming that other species of malaria 
parasite could be made resistant to proguanil. Hawking & 
Perry (1948) produced a high degree of resistance to pro- 
guanil in P. cynomolgi in monkeys, and Schmidt et al. (1949) 
obtained a 2,000-fold increase in resistance in the same species 
of monkey malaria. Moreover, Schmidt and his co-workers 
showed that in this species, as in P. gallinaceum, there was 
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no loss in resistance when the strain was transmitted by 
mosquitoes. 

Once the experimental production of proguanil-resistance 
in avian and monkey malaria and its persistence after mos- 
quito-transmission had been established, the question whether 
human malaria parasites could also become resistant was one 
of great interest. Adams & Seaton (1949) showed that 
resistance to proguanil could be developed in a West African 
strain of P. falciparum and Lourie & Seaton (1949) obtained 
similar results with P. vivax. Both strains were maintained 
by serial blood inoculation in neurosyphilitic patients. 
According to Seaton & Adams (1949) proguanil-resistance 
developed more rapidly and to a greater extent in P. falciparum 
than in P. vivax. Resistance was substantially unchanged 
when P. falciparum (Seaton & Adams, 1949) or P. vivax 
(Seaton & Lourie, 1949) were transmitted by A. stephensi. In 
considering the possibility of resistance to proguanil arising in 
the field as a result of inadequate treatment with the drug, 
Seaton & Adams point out that Fairley (1946) and Mackerras 
& Ercole (1948) found that the presence of small amounts of 
the drug in the blood of the infected human host upon which 
the mosquito fed prevented the development of the oocysts in 
the mosquito’s stomach. They conclude that if these obser- 
vations are generally applicable there is little danger of the 
accidental development of proguanil-resistant strains of 
malaria. This argument, however, is hardly valid, as Fairley 
and Mackerras & Ercole were dealing with strains which had 
a normal sensitivity to proguanil. If a strain of malaria 
becomes resistant to proguanil, the probability is that all 
stages of the life-cycle will be equally resistant and that the 
drug will have no inhibitory effect upon the gametocytes. 
That this is the case in P. gallinaceum was proved by Bishop 
& Birkett (1948), who experienced no difficulty in infecting 
mosquitoes with a proguanil-resistant strain of P. gallinaceum, 
although the infected chick upon which the insects fed was 
undergoing a course of treatment with the maximum dose of 
the drug which it would tolerate. The salivary glands of these 
mosquitoes were heavily infected with sporozoites which 
proved infective to chicks and gave rise to proguanil-resistant 
strains. 

More recently, Cooper, Coatney & Imboden (1950) have 
produced an increase in resistance to proguanil, of more than 
1,000-fold, in the Chesson strain of P. vivax maintained in 
volunteers by blood-inoculation. Passage of the strain 
during treatment was not necessary; a 1,000-fold increase in 
resistance was obtained in one subject in four months as a 
result of the treatment of a series of relapses with gradually 
ncreasing doses of the drug. 


c. In Human Malaria in South-East Asia 


Reports have recently come from Malaya and Indonesia 
which suggest that proguanil-resistant strains of P. falciparum 
are developing in these areas. It is, naturally, impossible to 
follow the development of resistance to a drug in the field 
with the accuracy with which it can be followed in the 
laboratory; it is only possible to study the sensitivity of 
infections to the drug in a given area over a period of time. 
Experimental trials of proguanil were begun by Edeson & 
Field (1950) in the Tampin district of Malaya early in 1947. 
uring the first year the clinical response of acute falciparum 
iafections to treatment with single doses of proguanil was 
yood, but in October 1948 the first intimation of drug- 
resistance was observed. A patient failed to respond to a 
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dose of the drug which previously had proved effective. This 
failure was followed by 20 others—one out of every four 
cases treated. At that time the loss of sensitivity to the drug 
was slight, for although cases failed to respond to single 
doses of proguanil, a standard course of 300 mg. daily for 
seven to ten days was still effective; but early in 1949 failures 
occurred with this treatment also. These cases which failed 
to respond to proguanil were drawn from rubber estates 
where proguanil had been used for malaria suppression for 
many months, and Edeson & Field believe that the emergence 
of resistant strains was related to the widespread use of the 
drug. Although proguanil-resistance is not, as yet, a serious 
problem in Malaya, these workers suggest that it may become 
one if the drug is used inefficiently, that is to say if the doses 
used are too small to suppress the infections rapidly, or if they 
are given sporadically. 

In Tjitamiang, in Indonesia, where the population had been 
treated prophylactically with 200 mg. of proguanil per week 
for over a year, van Goor & Lodens (1950) reported the de- 
velopment of proguanil-resistance in the local strains of P. 
malariae and P. falciparum. The former species had become 
resistant to a daily dose of 400 mg. of proguanil and the latter 
to 50 mg. per day, but no change in the proguanil-sensitivity of 
P. vivax was observed. No details of this work have, as yet, 
been published. 


2. Failure to Produce Proguanil-Resistant Strains 
in Latent Infections 


It has been shown that when a strain of P. gallinaceum, 
maintained in a state of active multiplication by passage 
through chicks at frequent intervals, is treated with proguanil, 
resistance to the drug develops relatively rapidly (i.e., in 2%— 
3% months), whereas resistance failed to develop when latent 
infections were treated with proguanil for a year (Rollo, 
Williamson & Lourie, 1948). There are two possible explana- 
tions of this difference in behaviour: one is based upon the 
known insensitivity of exoerythrocytic parasites (James & Tate, 
1937, 1938) to drugs, and the other upon the theory most 
generally accepted of the method by which drug-resistance is 
produced. Both experimental and microscopic evidence indi- 
cates that, in latent infections of P. gallinaceum, the reservoir of 
infection lies in the exoerythrocytic parasites situated in the 
internal organs. These exoerythrocytic forms, or secondary 
tissue phase, are much less sensitive to drugs than are the ery- 
throcytic forms. Although proguanil shows a high degree of 
activity against the primary tissue phase derived from the 
sporozoites, it fails, in common with other antimalarial drugs, 
to eradicate the secondary tissue phase (Davey, 1946). It 
may be assumed that drug-resistance will arise only amongst 
parasites affected by the drug, and it is, therefore, not surpris- 
ing that it does not develop in latent infections which are 
primarily composed of the less sensitive exoerythrocytic 
parasites. 

The most generally accepted theory of the means whereby 
drug-resistance arises in micro-organisms is that of spon- 
taneous mutation. It is believed that individuals more 
resistant to the drug than the general population arise spon- 
taneously as mutants. These mutants are able to live in a 
concentration of drug which is lethal to, or inhibits the growth 
of, ‘more sensitive organisms; they are thus selected and on 
multiplication give rise to drug-resistant strains. If drug- 
resistance in malaria arises by this method, it follows that the 
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larger the number of organisms exposed to the drug the 
greater will be the probability that drug-resistance will develop. 
The number of parasites present in latent infections is small; 
the development of drug-resistance, therefore, is less probable 
in such infections than in acute infections where the number 
of parasites exposed to the drug is great. Whether or not 
one or both of these explanations can be applied to the 
mechanism whereby drug-resistance develops in malaria 
organisms, it is obvious that in human malaria proguanil- 
resistance is more likely to arise during mass treatment of 
acute infections than when the drug is used to prevent a 
recurrence of the acute attack in persons with latent infections. 


3. Cross-Resistance between Antimalarial Compounds 


In trypanosomes it has been shown that the development of 
resistance to one drug may confer resistance to some other 
compound, that is to say, cross-resistance has been shown to 
occur. The probability that the development of resistance 
to one antimalarial compound might confer resistance to all 
other compounds having antimalarial activity seemed unlikely, 
as compounds which differ fundamentally in chemical con- 
stitution presumably act upon the parasite in different ways; 
but the possibility that resistance to proguanil might confer 
resistance to some other compound important in the treat- 
ment of malaria was a disturbing one. 

However, this fear was ill-founded, for Bishop & Birkett 
(1947, 1948) found the sensitivity of their proguanil-resistant 
strain of P. gallinaceum to be normal both to mepacrine 
(atebrin, quinacrine) and pamaquin, and Williamson et al. 
(1947) obtained similar results not only with mepacrine, but 
also with quinine, sulphadiazine and 3349, a pyrimidine 
precursor of proguanil (Curd, Davey & Rose, 1945). The 
proguanil-resistant strains were found to be resistant only to 
4430, a methyl homologue of proguanil which is not used 
therapeutically. Moreover, a proguanil-resistant strain of 
P. cynomolgi was found to have a normal sensitivity to 
chloroquine, mepacrine and pentaquine (Schmidt et al. 1949). 
It is satisfactory to know that if proguanil-resistant strains of 
human malaria develop, drugs such as mepacrine, quinine 
and chloroquine would still be effective in suppressing the 
infections. 


4. Resistance to Antimalarial Drugs other than Proguanil 


As a high degree of resistance to proguanil has been shown 
to arise relatively rapidly under experimental conditions in 
several species of malaria, and as there are now indications 
that it can also develop in human malaria in the normal 
course of treatment, the important problem arises of whether 
antimalarial drugs of therapeutic value besides proguanil can 
also produce resistance to themselves and to other anti- 
malarial compounds. Strains of P. gallinaceum maintained 
in chicks have been subjected to intensive treatment with 
mepacrine, quinine, sulphadiazine and 3349 over a period of 
nearly two and a half years, the strain being in a state of 
acute infection during the periods of drug treatment, but no 
resistance to these drugs developed (Williamson & Lourie, 
1947). Schmidt et al. (1949) found no evidence of the 
development of resistance to quinine, mepacrine, the 4-amino- 
quinolines chioroquine and oxychloroquine, or to the 
8-aminoquinolines pamaquin, pentaquine and isopentaquine 
in P. cynomolgi. Knoppers (1947, 1949), however, succeeded 
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in producing a twofold increase in resistance to quinine in a 
strain of P. gallinaceum maintained in a state of acute infection 
and treated with the drug for a period of seven months; but 
the degree of resistance attained was very small as compared 
with that produced in the same species, or in P. cynomolgi, 
with proguanil. 

Resistance to pamaquin has been produced both in monkey 
and avian malaria by treatment with that drug, but in each 
case resistance has been of a low order. Fulton & Yorke 
(1941) obtained a strain of P. knowlesi four times as resistant 
to pamaquin as the parent strain, and Bishop & Birkett (1948) 
obtained a similar enhancement of resistance to the drug in 
P. gallinaceum, which Bishop & McConnachie (in press) 
have increased somewhat further. In P. gallinaceum the 
development of resistance to pamaquin is a very slow process 
as compared with that to proguanil—so slow indeed, even 
under experimental conditions which are optimal for the 
production of drug-resistance, that it seems unlikely that this 
drug could give rise to resistant strains of human malaria 
under normal conditions of treatment. Pamaquin-resistance 
in P. gallinaceum has been found to confer resistance also to 
quinine (Bishop & McConnachie, in press), though resistance 
extends only to the lower effective doses of that drug. It is, 
as yet, unknown whether only pamaquin can confer resistance 
to quinine or if other 8-aminoquinolines can do so. In recent 
years there has been a revival in interest in the antimalarial 
properties of 8-aminoquinolines. If it is proposed to intro- 
duce any such compounds into general use, it would be wise to 
test their power to produce strains of malaria resistant to 
themselves and to quinine. The introduction into general 
use of a compound which gave rise rapidly to quinine-resistant 
strains of malaria might be a great misfortune. 


5. Relationship of Proguanil to the p-Aminobenzoic-Acid- 
Inhibited Sulphonamides 


Sulphadiazine, which has a pronounced antimalarial 
action upon P. gallinaceum, produces drug-resistant strains 
in that species of malaria, though not so readily as proguanil 
(Bishop & McConnachie, 1948, 1950b). Like proguanil- 
resistance, resistance to sulphadiazine is retained after the 
passage of the resistant strain through mosquitoes. The 
sulphadiazine-resistant strain is resistant also to the related 
sulphonamides—sulphanilamide, sulphapyridine, and sulpha- 
thiazole. This was not unexpected, as in bacteria cross- 
resistance has been found to occur between these compounds; 
but what was unexpected was that the sulphadiazine-resistant 
strains should prove resistant also to proguanil. Moreover, 
the growth of sulphadiazine-resistant strains was greater in 
proguanil-treated birds than in those treated with sulphadia- 
zine, and in one strain treated with sulphadiazine resistance to 
proguanil was found to be well established before resistance 
to sulphadiazine itself could be detected. The ability, 
amongst sulphonamides, to produce resistance to proguanil 
is not peculiar to sulphadiazine, for a strain of P. gallinaceum 
made resistant to sulphanilamide, the simplest chemically of 
these sulpha compounds, was found to be resistant also to 
proguanil (Bishop & McConnachie, 1950c). That sulphanil- 
amide is able to produce resistance to proguanil is all the 
more remarkable when it is remembered that its antimalarial 
action is slight as compared with that of proguanil; yet 
sulphanilamide is able to produce resistance in P. gallinaceum 
to all doses of proguanil which the host will tolerate. 
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It might be assumed from these observations that the modes 
of action of proguanil and of this group of sulphonamides 
are similar, but other observations show that this is not the 
case. If it were so, proguanil should confer resistance to the 
sulphonamides. Although Bishop & McConnachie (1948) 
found that one of their proguanil-resistant strains of P. 
gallinaceum was resistant also to sulphadiazine, they have been 
unable to confirm this. Williamson & Lourie (1947) could 
detect no resistance to sulphadiazine in their proguanil- 
resistant strain, and according to Greenberg (1949b) hyper- 
sensitivity to sulphadiazine develops coincidentally with 
proguanil-resistance in proguanil-treated strains. 

Further evidence of the difference in mode of action of these 
drugs is obtained from their relation to p-aminobenzoic acid 
(PABA). It is well known that the bacteriostatic action of 
such sulphonamides as sulphadiazine and sulphanilamide is 
inhibited by PABA, and it has been shown that their anti- 
malarial action also is inhibited by it (Maier & Riley, 1942; 
Marshall, Litchfield & White, 1942). The antimalarial action 
of proguanil, however, is not inhibited by PABA (Bishop & 
McConnachie, 1948; Greenberg, 1949a). Pteroylglutamic acid 
inhibits the antimalarial action of sulphadiazine completely, 
and that of proguanil significantly but not completely (Green- 
berg, 1949c). It can therefore be concluded that the mode of 
action of proguanil and the PABA-inhibited sulphonamides 
is related but not identical. 

As sulphonamides are not generally used for the treatment 
of malaria, there is little danger that proguanil-resistant 
strains will arise in this way; but as sulphadiazine produces 
resistance to proguanil more rapidly than that drug itself, its 
action upon latent infections of malaria is important. Sul- 
phadiazine is used widely in the treatment of bacterial infec- 
tions; if proguanil-resistance could arise during the treatment 
of latent infections of malaria with sulphadiazine, there might 
be a danger of such strains being produced when sulphadiazine 
is used in the treatment of bacterial infections in patients 
latently infected with malaria. However, a strain of P. 
gallinaceum, maintained in a state of latent infection, was 
subjected to large doses of sulphadiazine for a period of seven 
months, but no resistance either to sulphadiazine or proguanil 
developed (McConnachie, 1951). If human malaria re- 
sembles P. gallinaceum in its reaction to sulphadiazine, there 
seems to be little danger of the development of proguanil- 
resistant strains when latent infections are treated with 
sulphadiazine. 
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6. Attempts to Produce Resistance to Chloroquine 


Reports upon chloroquine suggest that this compound 
does not form resistant strains of malaria. The attempts by 
Schmidt et al. (1949) to produce chloroquine-resistant strains 
of P. cynomolgi were unsuccessful, and Cooper et al. (1950) 
failed to produce resistance to this drug in the Chesson strain 
of P. vivax. Recently Bishop & McConnachie (in press) 
have treated a strain of P. gallinaceum with this drug for over 
a year, but drug-resistance did not develop. It is quite 
probable that different strains differ in the facility with which 
they become resistant to a drug; in these experiments a 
substrain was used from the parent strain from which strains 
resistant to pamaquin, proguanil, sulphadiazine, sulphanila- 
mide, and metachloridine (Bishop & McConnachie, unpub- 
lished results) have been obtained, and the experimental 
conditions were identical with those with which resistance to 
these compounds had been produced. The strain proved: to 
be as sensitive to chloroquine at the end of the period of 
treatment as at the beginning. 


7. Conclusions 


Whereas in the past, in searching for new compounds of 
value in the treatment of malaria, it has been sufficient to 
test for antimalarial activity upon blood-inoculated and 
sporozoite-induced infections of malaria, now a new factor has 
been introduced: not only is it important to know the 
antimalarial activity of a new compound, but it would be 
wise also to assess its ability to produce drug-resistant strains. 
If resistant strains are formed, their sensitivity to the anti- 
malarial drugs in Common usage also should: be assessed. 
The large-scale use of a compound which readily produced 
strains of human malaria parasites resistant to such important 
drugs as quinine or mepacrine might create a very serious 
problem in the treatment of malaria. 

The study of drug-resistance in antimalarial compounds is, 
however, not only important therapeutically, but it may 
throw interesting light upon the relationship of the mode of 
action of the drugs, as has been seen in the case of sulpha- 
diazine and proguanil. Moreover, our knowledge of the 
phenomenon of drug-resistance, hitherto, has been based 
almost entirely upon trypanosomes and bacteria. A study 
of the mechanism whereby resistance to drugs develops in the 
malaria parasite may provide interesting additional informa- 
tion upon this subject. 
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The employment of malaria therapy for the treatment of 
general paralysis of the insane and other disorders of neuro- 
syphilis has opened up a fruitful field of research into the 
clinical aspects, aetiology and chemotherapy of malaria. 
This form of treatment was employed by Wagner-Jauregg in 
Vienna as early as 1917, but it was not until five years later 
that the first case of general paralysis of the insane in Great 
Britain was inoculated with blood from a patient suffering 
from malaria (Yorke & Macfie, 1924). The advantages of 
mosquito transmission over blood inoculation were early 
recognized, and in 1923 arrangements were made to feed 
mosquitoes on patients whose malaria had been induced by 
blood inoculation in different hospitals located in and around 
London, and so provide infective material for more general 
use. 

In 1925, a special unit for malaria therapy, now known as 
the Mott Clinic, was established at Horton Hospital, Epsom. 
During the next 25 years, some 2,500 patients were treated by 
infection with one or other species of malaria parasite, and the 
centre has been responsible for providing infective material 
for use in hospitals throughout Great Britain and Ireland. 

It-was chiefly due to the initiative of the late Lt.-Col. 
S. P. James, Adviser on Tropical Diseases to the Ministry 


of Health, that this new venture of malaria therapy was 
placed on a firm basis. James realized the opportunities 
thus afforded for exploring new fields in malaria research, 
and his expectations in this respect have been abundantly 
fulfilled. Not only has it been possible to study in detail the 
natural course of primary attacks of malaria in non-immune 
subjects, but ample clinical material has become available for 
research in chemotherapy, parasitology, pathology and im- 
munology. Advances have been made also in the study of 
mosquito ecology and of the malaria-carrying properties of 
different species of mosquitoes, which form the subject of a 
separate paper in this symposium, contributed by P. G. 
Shute!, who has been associated with one of us (W. D. 
N.) since the centre was first established. 


1. Clinical Aspects of Malaria 
a. Benign Tertian (Vivax) Malaria 


The strain of Plasmodium vivax employed at Horton was 
originally obtained from the blood of a lascar serving in a 
ship which had touched at Madagascar. It is known as the 
Madagascar strain, and it has now been in continuous use for 
more than 25 years, during which time the clinical and para- 
sitological features associated with it have remained constant 
and unaltered. Throughout this period, it has been main- 
tained by mosquito transmission, which ensures the main- 
tenance of a pure strain of malaria parasite, and precludes 
the possibility of transferring a harmful organism from one 
patient to another. The strain can also be made available 
for the treatment of non-syphilitic patients without risk. 
The incubation period of mosquito-inoculated cases with this 
strain of parasite is usually from 10 to 14 days. 

In a certain proportion of cases, generally when the number 
of sporozoites injected has been small, the onset of the prim- 
ary attack may be deferred for many months after the infec- 
tion, the usual period of latency in such cases being about 
38 weeks (Shute, 1946). The proportion of such cases 
naturally occurring is unknown. There were 12 instances 
of protracted incubation among 746 cases analyzed at 
Horton, and there would certainly have been a number of 
others but for the necessity of reinoculating patients who do 
not develop fever at the usual time for purposes of therapy. 

One of the striking features brought out from the study of 
induced malaria at Horton has been that in several important 
respects the description of a classical attack of malaria 
formerly given in textbooks, based on the study of the disease 
in persons resident in, or newly returned from, a malarious 
country, does not apply to a primary case (James & Shute, 
1926). 

In an untreated primary attack of vivax malaria, two stages, 
the initial and the developed stage, can generally be recog- 
nized. The former lasts for from two to five days, and is 
characterized by an irregular, remittent type of fever. The 


1 See Shute, p. 56 of this Bulletin. 
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In each case the attack was severe, indicating that infection with one 
species of Plasmodium confers no protection against subsequent 
infection with another species 


Abscissae: period of fever 
Ordinates: body temperature (°F.) 


temperature during this stage is not very high, rarely reaching 
103° F.?, and rigors are unusual. This is followed by the 
developed stage, which is associated with rigors, the tempera- 
ture now being definitely intermittent and often reaching 104° 
or 105° F. In the great majority of primary attacks, the fever 
during this stage is not tertian, but is quotidian, a rigor 
occurring every day. There may be a third stage, in which 
the fever becomes tertian in character, but more often it 
remains quotidian throughout the primary attack. In 
order to obtain maximum benefit from malaria therapy, it is 
desirable for a patient to experience 10 to 14 paroxysms of 
fever each exceeding 103° F., after which it is usually necessary 
to terminate the attack by the exhibition of one or other of the 
antimalarial drugs; should spontaneous recovery supervene 
before this, the inference is that there has probably been a 
previous infection with the same species of parasite. As a 
general rule, it is only in relapses that the fever is tertian from 
the outset. 

Out of 780 mosquito-inoculated primary cases of vivax 
malaria analyzed at Horton, the fever in the developed stage 
was quotidian in 77% and tertian in 10%. In the remaining 
13% it was of a mixed type, either quotidian becoming tertian 
or vice versa, without interference by any specific drug. The 
incidence of spontaneous recovery from the primary attack 
in this series was approximately 4%. Fifty per cent of the 
total relapsed (vide infra), and 95% of these showed classical 
tertian fever throughout the relapse, with spontaneous 
recovery after four or five peaks, although parasites were 
sometimes demonstrable in the peripheral circulation for 
several weeks afterwards. An initial remittent stage was 
present in 75 out of 200 cases analyzed. 


4 °F. = s/9 (t — 32)°C.—Eb. 
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b. Malignant Tertian (Falciparum) Malaria 

A number of different strains of P. falciparum have been 
studied at Horton, including examples from India, Italy, 
Sardinia, Roumania, West Africa and the Belgian Congo. 
Biological studies have shown that within the species there 
exists a number of geographical races which, though not 
morphologically different, can, be recognized as distinct by 
their clinical virulence, immunological reactions and other 
properties. In general, European strains have evinced greater 
severity than those originating in India and Africa, and the 
dosage of quinine required to terminate an attack was also 
considerably greater with European strains than with the 
others tested. 

The character of the temperature curve in falciparum 
malaria has never been easy to interpret, and at one time it 
was suggested that there might be a form of this species of 
parasite which completes its asexual cycle in the peripheral 
circulation in 24 hours. Intensive studies undertaken at 
Horton indicated that all the strains there tested had a true 
tertian periodicity due to separate groups of parasites each 
undergoing segmentation every 48 hours. A characteristic 
feature brought out by these studies was that the temperature 
curve, both in the primary attack and in recrudescences, 
nearly always shows at one period or another the presence of 
three or more groups of parasites running concurrently and 
independently, each giving rise to its own febrile paroxysm; 
whereas in vivax malaria there is no indication from the tem- 
perature curve of the presence of more than two groups, 
except in the initial remittent stage, before any tolerance to the 
disease has been developed (James, Nicol & Shute, 1932a). 

Another observation of interest was the relative rarity of 
rigors in falciparum malaria. The occurrence of a rigor in 
this form of the disease is always to be regarded as a danger 
signal, indicating the presence in the peripheral circulation of 
developing forms of the asexual stage of the parasite. 

The incubation period in mosquito-inoculated cases has 
varied in most cases from 7 to 14 days, depending largely on 
the dose of sporozoites injected. The protracted incubation 
periods seen in vivax and ovale infections have not been 
observed in falciparum malaria. 
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c. Quartan (Malariae) Malaria 

The study of naturally induced quartan malaria has been 
hampered by the extreme difficulty of transmitting P. malariae 
through the agency of mosquitoes. Boyd & Stratman- 
Thomas (1936), in the USA, succeeded in infecting five patients 
in this way, three white and two coloured. The incubation 
period varied from 29 to 40 days, and the fever was quartan 
in character in three of the cases, double quartan in one, and 
triple quartan (i.e., quotidian) in the remaining case. At 
Horton, all attempts at mosquito transmission failed until 
1949, when success was achieved with a strain of Anopheles 
stephensi imported from India (Shute & Maryon, 1951). 
In all, ten mosquito-inoculated cases have been studied. 
The longest incubation period has been 46 days, the shortest 
17, with a mean of 29.1 days. As far as is known, the pro- 
tracted incubation periods seen in vivax and ovale malaria 
do not occur with quartan infections. 

The type of fever has been variable, most cases showing at 
one period or another evidence of the presence of more than 
one group of parasites. In general, the clinical picture has 
conformed to the descriptions given by early authors, including 
Hippocrates and Galen, as to the benign character of this 
form of malaria. Rigors occur, though less frequently than 
in vivax infections. The temperature in the Horton cases has 
never been remittent, and the peaks of fever have rarely 
exceeded 104° F. No mosquito-inoculated case has shown 
evidence of nephrosis, a condition which is said to be more 
frequent in quartan malaria than in other forms of the disease. 


d. Ovale Malaria 


P. ovale was originally described by Stephens (1922) from 
the blood of a British soldier who had been stationed in 
East Africa, but for some years doubts were entertained as to 
whether it was in fact a distinct species. Yorke & Owen 
(1930) used the blood of a patient infected in Nigeria for 
malaria therapy, and reported that the morphological char- 
acters of the parasite remained constant after five passages by 
direct blood inoculation. In the following year, Yorke 
supplied the Horton centre with blood from a patient infected 
with a strain from the Belgian Congo. This was transmitted 
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without difficulty by A. atroparvus, and both the morphologi- 
cal characters of the parasite and the clinical features of the 
disease remained unchanged through several passages, thus 
confirming that the species was distinct (James et al. 1932b). 

The incubation period in a series of 36 mosquito-inoculated 
cases studied at Horton was from 11 to 16 days, with a mean 
of 13.6 days. In one instance there was a protracted incuba- 
tion period of 85 days, and evidence from other sources also 
suggests that, as with P. vivax, latency of this nature is not 
uncommon in ovale infections. The clinical features are of 
interest in that the disease has invariably been mild in charac- 
ter, and the great majority of patients have gone on to 
spontaneous recovery. The periodicity of the fever is tertian, 
but it may be ushered in by an initial remittent stage, though 
less frequently than with P. vivax. The peaks of fever are 
usually not so high as in vivax infections, and rigors are less 
frequent. In the majority of cases observed at Horton, the 
fever paroxysms have commenced late in the evening, instead 
of about midday, as is usual in vivax malaria (James et al. 
1949). 


2. Relapses in Malaria 


As a result of his studies of the Madagascar strain of 
P. vivax, James (1931) classified the various types of renewed 
febrile and parasitic activity following recovery from the 
primary attack as (i) recrudescences, occurring within 8 
weeks; (ii) relapses, occurring between the 8th and 24th 
weeks; and (iii) recurrences, occurring later than 24 weeks. 

This classification, though useful for research workers, is 


' perhaps over-elaborate for general purposes, and the modern 


tendency is to refer to all manifestations of renewed activity 
as relapses, subdividing these into recrudescences (early 
relapses) and recurrences (late relapses). Recrudescences, 
which in our view should properly be looked upon as part of 
the primary attack, may occur in all forms of malaria, whereas 
true recurrences are seen only in vivax and possibly in ovale 
infections. In the case of the Madagascar strain of P. vivax, 
the majority of recurrences commence about 38 weeks after 
infection, the same interval of latency as has been noted in 
cases with protracted incubation. During this interval, an 
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overt malarial attack can be provoked by reinoculation with 
the same strain of Plasmodium, whereas after an untreated 
recurrence all attempts to bring on a fresh attack are with- 
out avail. The fever in recurrences is generally tertian 
throughout, the initial remittent stage being absent, and 
it frequently terminates in spontaneous recovery after about 
four peaks. The parasites concerned are thought to be 
derived from a tissue stage of the Plasmodium. The study of 
protracted incubation and late relapses in vivax malaria at 
Horton enabled James to predict the wave of malaria which 
followed in the spring after the great Ceylon epidemic of 
1934 (James et al. 1936). 

Recurrences in vivax malaria occur only in mosquito- 
transmitted cases, never in those induced by blood inoculation. 
At Horton, they have never been observed in ovale malaria in 
the limited series of naturally induced cases there studied. 
They have occasionally been reported elsewhere, but it seems 
probable that most, if not all, of these were instances of pro- 
tracted incubation. 

The renewed activity which may occur in quartan malaria 
after the lapse of many years is of a different nature, and is 
presumably due to persistence in the body of asexual parasites 
originating during the primary attack. 

In falciparum malaria the clinical picture is the same, 
whether the infection is by blood or by mosquitoes. Even 
the most severe European infections ‘ burn themselves out ’ 
within six months, the only renewed activity being in the form 
of one or more recrudescences occurring at short intervals 
after the primary attack. 


3. Immunological Studies 


The need for subjecting certain patients to a further course 
of malaria therapy led to the early recognition of the remark- 
able solidarity of the tolerance acquired against the particular 
strain of malaria parasite used for the original infection, 
provided that the attack has been allowed to run its course for 
several days without treatment. The most striking example 
of this phenomenon which has come to our notice was that of 
the volunteer who submitted himself to massive infection and 
subsequent liver biopsy for the experiment which demon- 
strated the existence of the pre-erythrocytic phase of P. vivax, 
which was carried out at Horton in 1948. This volunteer had 
undergone therapy two years previously with the Madagascar 
strain of P. vivax, induced by blood inoculation, and had been 
allowed to have 13 peaks of fever of over 103° F. For the 
experiment, he was subjected to the bites of more than 2,000 
heavily infected mosquitoes, and in addition received an 
emulsion of the salivary glands of 200 others intravenously. 
In spite of this colossal dosage of sporozoites, no clinical 
attack ensued, beyond a slight transitory rise of temperature 
on the 15th day; no parasites were found in the peripheral 
circulation despite the most exhaustive search, although pre- 
erythrocytic forms were demonstrated without difficulty in the 
liver. Subsequently, routine blood examinations were carried 
out for more than a year, and there was never any evidence 
either cf parasitaemia or of fever (Shortt & Garnham, 1948). 
It has been possible to test the degree of tolerance conferred 
by infection with the Madagascar strain over a period of years, 
and it has been found that this decreases gradually, but 
progressively, with the passage of time. 

In contrast with the above findings, it has been shown that 
complete tolerance to reinfection with one strain of P. vivax 
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does not confer protection, or confers only partial protection, 
against another strain of the same species of parasite. Thus, 
infection with the Madagascar strain did not protect against 
a strain of P. vivax originating in British Guiana (James, 
1931). 

Experience gained at Horton with P. falciparum has shown 
that, while a single infection may not produce complete 
tolerance to the same strain of the parasite, repeated rein- 
fection may eventually do so. Thus, a patient infected with 
an Indian strain, treated in the primary attack with small 
doses of quinine, which was followed by a recrudescence 
similarly treated, had mild attacks of fever with parasitaemia 
when reinoculated on two occasions with the same strain. 
Two subsequent reinoculations with the same strain produced 
neither fever nor parasitaemia. When inoculated four 
months later with a Sardinian strain of P. falciparum, the 
patient developed a severe malarial attack, necessitating 
prompt and vigorous therapeutic action (James et al. 1932a). 

The absence of tolerance resulting from an infection with 
one species of Plasmodium against that produced by another 
species has also been demonstrated. This is well illustrated 
in the chart (fig. 1) which shows that infection with P. vivax 
did not protect against subsequent infection with P. malariae 
or P. falciparum. Again, the volunteer who received the 
colossal dose of infection with P. vivax in the experiment 
referred to above showed no tolerance whatever to subsequent 
infection with P. falciparum. Induced malaria has provided 
many other similar instances. 


4. Chemotlierapeutic Studies 


In the earlier years of malaria therapy, the action of quinine 
in the treatment and prophylaxis of different species and 
strains of malaria parasite was the subject of much intensive 
study. The difference in response to treatment with this 
drug of Indian and African strains of P. falciparum as com- 
pared with strains originating in Europe has already been 
noted. The amount of quinine required to control infections 
with Italian strains of this species of parasite was several 
times as great as that found necessary for infections with a 
strain originating in India. In the prophylaxis of malaria, 
quinine has been shown to have a marked suppressive action 
against vivax infections, but to be less effective against those 
of P. falciparum. 

Tests of various arsenical preparations provided further 
instances of the varying response to drugs of different species 
of malaria parasite. It was found that one injection of a 
trivalent arsenical (novarsenobillon) will temporarily termin- 
ate fever in vivax infections, but has little or no effect on the 
course of quartan malaria. An injection of a pentavalent 
arsenical (tryparsamide) may have no effect on either the 
fever or the parasites of quartan malaria, but a similar injec- 
tion will arrest the fever of a vivax infection and destroy the 
parasites. Thiobismol has no effect in quartan malaria, but 
has a remarkable selective action in vivax infections. A 
single injection of 0.2 g. of this drug has proved most useful in 
the management of vivax malaria, transforming a quotidian 
type of fever into true tertian by killing off all except one 
generation of parasites (Whelen & Shute, 1943). 

In Holland it has been found that the Madagascar strain of 
P. vivax is much more susceptible to neosalvarsan than are the 
local Dutch strains of the same species of parasite (Swellen- 
grebel & de Buck, 1938). 
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In 1931, a series of trials was undertaken to test the value of 
pamaquin in the prophylaxis of malaria. It was shown that, 
alone among the antimalarial drugs known at that time, 
pamaquin was a true causative prophylactic® in falciparum 
malaria, although, owing to its toxic properties, its routine 
use for this purpose was impracticable; in vivax infections its 
effects were partial only, the onset of the attack being delayed, 
but not prevented (James et al. 1931). 

Some of the earliest tests of mepacrine were also carried 
out on patients undergoing malaria therapy. This drug had 
been synthesized by German workers in 1931 under the name 
of erion (Mauss & Mietzch, 1933; see also Kikuth, 1932); 
Kikuth and another of their colleagues, W. Schulemann, 
were closely associated with the malaria centre at Horton for 
some years. Among other findings, this drug proved to be 
extremely effective in controlling infections with European 
strains of P. falciparum which had been found refractory to 
treatment with quinine. The profound morphological 
changes effected by this drug on the parasite, leading to its 
total destruction, were also demonstrated. Further work on 
mepacrine was carried out during the Second World War, in 
collaboration with the Medical Research Council and the 
War Office, when its powerful suppressive and curative action 
was convincingly demonstrated. Tests were also undertaken 
with proseptasine, a sulphonamide compound, and with 
sontochin, one of the 4-aminoquinolines. 

’ This was a term applied by James to any drug acting on the sporozoites or 
other pre-erythrocytic form of the malaria parasite. In the light of our present 


knowledge it should properly be reserved for compounds acting on the sporozoite 
stage only, a property which no drug hitherto tested has been shown to possess. 
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In 1948, a series of trials with proguanil in the prophylaxis 
and treatment of a West African strain of P. falciparum was 
carried out at Horton. This drug proved to be an efficient 
causative prophylactic against the strain tested, and it rendered 
the gametocytes non-infective to mosquitoes, but did not 
effect radical cure; the clinical response also was compara- 
tively slow. It was shown, however, that these disadvantages 
could be overcome by reinforcement with mepacrine on the 
first day of treatment, with minimal risk of injurious side- 
effects (Covell et al. 1949). 


5. Conclusion 


It will be appreciated from the above account that the 
practice of malaria therapy has rendered possible for the first 
time a detailed study of the clinical as well as of the parasito- 
logical aspects of all forms of human malaria in non-immune 
subjects throughout the entire course of the disease. Further- 
more, it has afforded unrivalled opportunities for intensive 
research on the prophylactic and therapeutic properties of a 
number of specific antimalarial drugs, which can only be 
carried out effectively with non-immune subjects, under 
conditions where local transmission of malaria cannot occur. 
The practical application of the results of these studies 
proved of great service during the Second World War. It 
has been possible also to apply much of the knowledge 
gained from induced malaria to a number of epidemiological 
problems associated with the prevalence of the disease under 
field conditions in various parts of the world. 
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Before the introduction of malaria therapy in the treatment of 
neurosyphilis, the number of people deliberately infected with 
malaria by the bites of mosquitoes for research purposes was 
very few. A classical experiment of this type was that of Sir 
Patrick Manson (see Manson-Bahr, 1945) who brought to 
London mosquitoes which had been collected as adults from 
the homes of peasants in the Roman Campagna, and fed 
them on his son and one of his laboratory assistants. Both 
contracted malaria, thus proving the mosquito-man trans- 
mission theory. Although there are several hundred species 
of Plasmodium which produce infection in various birds and 
mammals, none of these, so far as is known, are able to 
parasitize man, at least not when transmission is through the 
agency of the mosquito. In this respect malaria differs 
greatly from some other protozoal diseases, such as try- 
panosomiasis. 

It is not therefore surprising that when the value of malaria 
therapy became known, after the First World War, some 
malariologists saw a unique opportunity for original research 
if, instead of infecting neurosyphilitic patients by direct blood 
inoculation as Wagner-Jauregg, the discoverer of the treat- 
ment, was doing, malaria could be induced by the natural 
method of infecting patients by the bites of mosquitoes. 
Professor Warrington Yorke of the Liverpool School of 
Tropical Medicine was the first to use this method of pro- 
ducing infection in 1922 (see Yorke, 1925) and in the following 
year, 1923, Lt.-Col. S. P. James, Adviser on Tropical Diseases 
to the Ministry of Health, decided to put malaria therapy on an 
orderly basis. He advised the Ministry that this was necessary 
and recommended the following precautions: 


i. Mental hospitals should be supplied with a species of 
malaria parasite (such as Plasmodium vivax) which, 
while producing the required high temperature (104° 
F.-105° F. (40.0°-40.6° C.)), was not a dangerous species 
of parasite. 

ii. The strain of species used should be susceptible to 
quinine (the only antimalarial drug of value at that 
time, 1923). 
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iii. In hospitals, both general and mental, where malaria 
therapy was being practised, adequate precautions 
should be taken against the risk of malaria being spread 
to other patients in the hospital and to the community; 
during spring, summer and early autumn all patients 
undergoing malaria therapy must be screened against 
mosquitoes after sunset. 


iv. Previous to being infected, all patients awaiting malaria 
therapy should be given a few doses of quinine to ensure 
that they were able to absorb the drug without ill 
effects. 


It was recognized that if hospitals all over the country were 
to apply therapy with malaria induced by the bites of mos- 
quitoes, very large numbers of these insects would be needed. 
And if the work was to succeed, the insects would have to 
survive for at least one month, or even longer, after being 
brought into the laboratory. Following an infective feed the 
parasite takes about 10 days to complete its cycle (from 
becoming infected to becoming infective). A blood meal ina 
mosquito takes at least 48 hours to digest at 23°-25° C. 
and it is seldom that the insect will take a second blood meal 
until the first has been digested. If, therefore, an infective 
batch of mosquitoes could be kept alive for 20 days following 
the invasion of sporozoites into the salivary glands, an indi- 
vidual mosquito could, providing it is heavily infected, infect 
about 10 patients over a period of 20 days. When malaria 
therapy began in Great Britain in 1922, very little work had 
been done in breeding indigenous anopheles in the laboratory 
at all seasons of the year. However, between 1917 and 1922 
the writer had carried out a fairly extensive survey of mos- 
quitoes in England and had found that Anopheles maculipennis 
was more abundant along the low-lying coastal areas of 
Essex, Kent and Hampshire than in any other area examined. 
Observations had also shown that the female adults of this 
species showed a distinct preference for low-ceilinged and ill- 
ventilated animal houses, especially the type of pigsty so 
often built by villagers owning only a few pigs. 

Before malaria transmission work was begun, some of the 
villages in Kent and Essex were again surveyed to ensure a 
continuous supply of mosquitoes; and, also, several strains of 
the species P. vivax parasites were studied both in man and 
mosquitoes over a period of two years. Some were rejected 
for various reasons, such as the infection being so mild that 
even in primary cases patients seldom developed temperatures 
exceeding 101°-102° F. (38.3°-38.9° C.). Some of the 
strains failed to produce numerous gametocytes, but eventually, 
in the spring of 1925, a satisfactory strain was obtained from 
a lascar seaman believed to have contracted his disease 
(P. vivax) in Madagascar. This strain is still (26 years later) 
in use at Horton hospital and it has been passaged through 
293 batches of mosquitoes, each batch averaging 300 insects. 
It is known as the Madagascar strain (see fig. 1). 

In the early days, a number of problems arose which had to 
be solved before the transmission work could become routine. 
For example, answers had to be found to such questions as: 
How many gametocytes per mm.* of blood were required to 
produce infection in mosquitoes ? How much blood does an 
average mosquito take up at a single feed ? How were the 
male and female parasites to be tested for ‘* ripeness,”’ i.e., 
for fertilization in the blood after the mosquito had fed ? 
How long would a mosquito remain infective after the passage 
of the parasite from the gut of the mosquito to its salivary 
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glands ? 
(a) the oocysts and (b) the sporozoites ? Over a period of 
three years the above problems, and many others, were 
investigated and many of them solved, and the results pub- 
lished in various scientific journals. 


What effect would low temperatures have on 


1. The Mosquitoes 


The English indigenous anopheles (A. maculipennis var. 
atroparvus) was proved to be a relatively efficient carrier of 
the Madagascar strain of P. vivax parasite (James, 1931). 
A. atroparvus was found to be a most useful laboratory 
insect: it is sluggish and therefore easy to handle, the females 
are long-lived in the laboratory, they feed readily on man and 
domestic animals, and are able to survive as adults for long 
periods at low temperatures, as of course they do in nature 
(the winter is passed as fertilized female adults in a state of 
gonotrophic dissociation). In the early stages of our work, 
when a batch of mosquitoes was required a visit was made to 
one of the villages in Kent; female adult insects were coliected 
from the pigsties or other animal houses by means of test 
tubes and were then transferred to a specially designed cage 
and taken to the laboratory, where they were kept for 48 hours 
to enable the animal blood meal to be digested before feeding 
them on the patient in whose blood gametocytes were 
numerous. Adult mosquitoes were always abundant in pig- 
sties from June until December, but from the end of the year 
until the following early summer they were very scarce. It was 
found that most of the smallholders bought young pigs in 
early spring, fattened them through the summer and autumn 
and sold them for the Christmas market. When the pigs were 
taken from the sties in December, the mosquitoes either died 
of starvation or flew out to seek other inhabited shelters, 
such as cow sheds or horse stables, where the ceilings are 
usually so high that it is almost impossible to collect large 
numbers; (although A. atroparvus survive the winter as female 
adults they do not completely hibernate as do many other 
indigenous species of mosquitoes). The problem was partly 
solved by paying the owner a small sum of money each 
month of the year on condition that he kept continuously a 
pig in the sty. This proved to be satisfactory and solved our 
immediate problem of a supply of mosquitoes during the last 
part of the winter and early spring until the new season’s 
adults appeared. 

It was realized that if the work was to proceed uninter- 
ruptedly throughout the year, it would be a great advantage 
if we could breed our mosquitoes in the laboratory so as to 
ensure a continuous supply in large numbers. This problem 
too was eventually solved and, following numerous experi- 
ments, in 1933 a colony of A. atroparvus was established in an 
insectarium specially built for the purpose. The colony was 
started from the eggs laid by a single adult mosquito and the 
strain is still being maintained. If a colony of mosquitoes is 
to be maintained in the laboratory it is essential that fertiliza- 
tion should occur readily in reasonably small cages measuring 
about 2 feet (60cm.)cube. This means that males and females 
should copulate stenogamously, i.e., without the act of swarm- 
ing; most species of mosquitoes are eurygamous and require 
much space for swarming before the act of pairing can occur. 
The technique of rearing A. atroparvus was published and is to 
be found in the references (Shute, 1936). No great difficulty was 
experienced in raising adults from eggs laid in the laboratory. 
The chief requirements are rain-water and a large tuft of grass 
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with soil attached in a basin about two feet in diameter, 
plenty of air to aerate the water and, if necessary, the natural 
food augmented with very finely ground dog-biscuit. Four 
to five hundred larvae can be reared in a single basin thus 


equipped. 


Technique of Preparing a Batch of Infected Mosquitoes 

When it has been determined that gametocytes in the blood 
of a patient are sufficiently numerous and “ ripe ” to ensure 
infection in the mosquitoes (not less than 20 male and female 
parasites per mm.* of blood for P. vivax, and 50 or more for 
P. falciparum), the mosquitoes, free from blood, are collected 
from our large cages and transferred to glass feeding jars, 
about 50 in each jar. The patient is directed to lie flat on his 
back and a hot-water-bottle is placed against his thigh; this 
encourages the mosquitoes to feed. Four or five feeding jars 
are held in position against the leg of the patient for from 20 
minutes to half an hour, when most of the mosquitoes will 
have fed. The jars of mosquitoes are then immediately taken 
to our heated laboratory (25° C.). The mosquitoes are then 
released from the jars into a small cage measuring | foot 
(30 cm.) cube. By the aid of artificial light those mosquitoes 
with bright red blood are transferred to a large cage. The 
following day two or three mosquitoes are dissected, blood 
smears are prepared from the blood clot and a search made for 
ookinetes. Blood films taken from the patient and kept in 
moist chambers for 15 minutes enable the male gametocytes 
to be tested for ‘‘ ripeness,’ and examination of smears pre- 
pared from the blood clot after it has been in the mosquito for 
18 to 24 hours at a suitable temperature (24°-25° C.) enables 
the “ripeness” and fertilization of the female gametocytes 
to be tested. From the third day after the batch has fed, the 
stomachs of a few mosquitoes are dissected daily until the 
oocysts rupture and sporozoites are found in the salivary 
glands. From these dissections it is possible to ascertain the 
percentage of the batch of mosquitoes infected and also the 
severity of the infection (quantum of sporozoites). After the 
salivary glands have become infected, the mosquitoes are 
ready for transmitting the infection to patients awaiting 
malaria therapy. 


2. The Parasites 
a. P. vivax in Man and Mosquito 


The minimum number of male and female gametocytes 
required to produce infection in A. atroparvus was found to be 
between 6 and 12 of each per mm.° of blood. But with this 
number only a few oocysts are found. In order to produce a 
reasonably heavily infected batch of mosquitoes, 100 to 200 
ripe male gametocytes per mm.* are necessary. In some 
cases, but not all, many more gametocytes than this may be 
present in the blood of a patient and in such cases as many as 
1,000 oocysts may be present on the gut wall of an individual 
mosquito. If then, as Ross (1910) indicated, each oocyst 
ultimately develops 1,000 sporozoites, such heavily infected 
mosquitoes may each have as many as 1,000,000 sporozoites 
in its tissues. In primary cases of P. vivax malaria, gameto- 
cytes are seldom found until about the 7th day of the attack. 
Their numbers usually increase daily for the next two or three 
days and reach their maximum between the 10th and 14th day 
of an untreated attack. In the early days of our work, on 
several occasions batches of mosquitoes were fed on patients 
in whose blood gametocytes were fairly numerous, with 
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FIG.1. STRAIN OF P. VIVAX MAINTAINED SINCE MAY 1925 
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negative results. To overcome this difficulty the stomachs of 
one or more mosquitoes were dissected 15 to 20 minutes after 
they had fed, smears of the blood were prepared and a search 
made for exflagellating gametocytes. It was found that in 
most cases only a small number of the gametocytes had ex- 
flagellated and in some, none. “ Ripeness” of the sexual 
parasites was essential if the mosquitoes were to become in- 
fected. A technique was devised whereby blood films are 
prepared from the patient and prevented from drying for at 
least 15 minutes, when they are dried and stained in the usual 
way (Giemsa or Leishman). If the male parasites have 
exflagellated, the flagella-like processes (usually 8 in number) 
can plainly be seen; the number of flagellated parasites can 
then be counted against the leucocytes, thus giving the 
number per mm.* of blood. The apparatus consists of a 
Petri dish lined top and bottom with filter paper saturated 
with hot water. A piece of V-shaped glass rod is placed on 
the bottom half of the Petri dish on which the slide containing 
the blood film is rested. A blood film is made in the usual 
way, breathed on and quickly transferred to this improvised 
** moist chamber ” for 15 minutes, when it is dried, stained and 
examined. The moisture in the chamber produces slight 
haemolysis and releases the gametocytes from their host cells 
into the plasma; this is, presumably, an imitation of what 
happens in the gut of the mosquito. 

The behaviour of the parasite in relapses is a little different 
from that in primary cases. As already stated, gametocytes 
are seldom seen in the peripheral blood in primary cases until 
the 7th day, and even then they may not be “ ripe” for a 
further two or three days. In relapses, gametocytes are 
usually at their maximum on the first or second day of the 
clinical attack; within the next few days the numbers fall 
appreciably and within a week disappear altogether. The 
explanation is to be found in the degree of tolerance or 
developing immunity on the part of the patient. A person 
who has never previously had malaria develops clinical symp- 
toms when there are only a dozen or so erythrocytic parasites 
per mm.° of blood. In such cases a further 6 or 7 days 
elapse before gametocytes are found in appreciable numbers. 
In relapses, however (providing the primary attack is left 
untreated for a week or more) many more parasites are 
required to produce clinical symptoms. This means that the 
peripheral blood has been invaded by parasites for a week or 
more before clinical symptoms occur, because gametocytes 
obviously develop at a time when the patient has no immunity, 
and even in semi-immune cases (where parasites are present 
without fever) gametocytes are seldom found in sufficient 
numbers to infect mosquitoes. 

The optimum temperature for the development of P. vivax 
in the mosquito is between 23° C. and 25° C. The minimum 
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temperature at which this species of parasite will develop in 
the mosquito is 16° C. but at this temperature the cycle takes at 
least 30 days, as against 9 days at 25°C. Mosquitoes infected 
with many hundreds of oocysts retain their ability to transmit 
the disease for at least one month after becoming infective; a 
single mosquito feeding on alternate days has actually trans- 
mitted infection to 15 patients in 30 days. Patients who are 
bitten one month to six weeks after the last of the oocysts have 
ruptured seldom develop the disease within the usual incuba- 
tion period. An unexplained phenomenon about these cases 
is that most, but not all, develop the disease many weeks later, 
with an average incubation period of 28 weeks. This is a 
common occurrence in P. vivax infections and has been known 
to occur in P. ovale, but not in P. falciparum. 

It is as yet undetermined whether this true latency in P. vivax 
infections is due to the age of sporozoites, to their numbers, or 
to some other factor. Some experiments indicate that it is 
probably due to the number of sporozoites injected, because 
when 5 or 6 mosquitoes, from a batch of 100 or more which 
had been infective for several weeks, fed on some patients, 
none developed the disease until the 27th week after being 
bitten. On the other hand, when, from the same batch of 
mosquitoes, the glands of 50 were dissected and injected 
intravenously into the patient, fever and parasites developed 
within the usual incubation period, 10 to 14 days. As the 
patients showing latency had never had malaria before, the 
latent phase could not be due to immunity, either acquired 
or racial. Throughout this period of 28 weeks the peripheral 
blood is negative to erythrocytic parasites; even blood 
transfused from these patients fails to produce infection in the 
recipient. This suggests that there is a resting phase in the 
life-history of this species of malaria parasite outside the 
erythrocytes, probably somewhere in the tissues. No such 
latency has ever been observed in infections with P. falciparum 
malaria. Infection brought about by injecting the salivary 
glands of infected mosquitoes, instead of by the natural 
method of mosquito bites, has produced valuable information, 
especially when the number of sporozoites injected has been 
known. The brilliant discovery of the pre-erythrocytic stage | 
of the malaria parasite in the liver in simian malaria by 
Shortt and Garnham (P. cynomolgi) was quickly confirmed in 
human (P. vivax) malaria by Shortt and his colleagues 
(Shortt, Garnham & Malamos, 1948). The subject, in addi- 
tion to being bitten by very large numbers of infective mos- 
quitoes, was given an intravenous injection of the salivary 
glands of 200 mosquitoes which were teeming with sporozoites. 
The number of sporozoites in the suspension had previously 
been counted and amounted to 15 million; it was thus 
ensured that the small piece of liver of the patient taken at the 
biopsy contained at least some parasites. 






FIG.1. This strain of P. vivax was first used in May 1925, and is still being maintained, 26 years later. The diagram covers a period of the first eight 


years, 1925 to 1933. In 1933 it was decided to work with a different strain, and one indigenous to Roumania was chosen. In order not to lose the 
Madagascar Strain, arrangements were made for its safe keeping by sending it to Professor Swellengrebel in Amsterdam, where he maintained it 
by using it for therapeutic purposes in mental hospitals. The Roumanian strain proved unsatisfactory for therapy purposes, chiefly because the 
clinical incubation period was too long; about half the number of patients infected did not develop fever until about 38 weeks after infection 
(true latency). In 1935 the Madagascar strain was returned to this laboratory and it was found not to have changed morphologically or clinically. 
Since the strain was reintroduced in 1935, a further 200 separate batches of mosquitoes have been infected and these in turn have infected at least 
2,000 patients. It is not possible to show in graph form the passages of the strain between 1935 and the present time because, owing to an in- 
creasing shortage of patients, many of the batches of mosquitoes infected during recent years have been from direct blood inoculations, whereas 
in the diagram it will be seen that every batch of mosquitoes was infected from a mosquito-infected patient. 

Perhaps it can be claimed that 26 years constitutes a record period for a protozoal parasite to have been maintained uninterruptedly through 
the immediate and intermediate host. It has afforded proof that the parasite has not lost any of its virulence or become attenuated as the result 


of very large numbers of passages. 
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b. P. ovale in Man and Mosquito 


When Stephens (1922) first described P. ovale, found in a 
patient recently returned from Africa, as a new parasite of man, 
many workers did not accept his findings, believing it to be 
P. vivax, showing some small morphological changes from the 
classical description of the vivax parasites. 

The fever produced by P. ovale parasites is sufficiently 
severe, at least for some days, for fever therapy. When in 
1931 we learned that another case of P. ovale had been diag- 
nosed at the Liverpool School of Tropical Medicine, a few 
millilitres of the blood of the patient were injected into some 
of our patients who were awaiting malaria therapy. When 
parasites appeared in the blood they were found to conform 
to the original description given by Stephens. But this was 
insufficient to confirm that the parasite was a true species, and 
it was realized that the supreme test would be the morphology 
of the parasite after it had been passaged through the insect 
host. Following a number of direct blood inoculations, one 
of the infected patients developed gametocytes. Mosquitoes 
(A. atroparvus) were fed on the patient, became infected and 
subsequently infected other patients by their bites. As the 
erythrocytic parasites retained their normal characters, as 
described by Stephens, and as numerous patients were infected 
by mosquito transmissions over a period of time, it was 
possible to say with some degree of certainty that P. ovale isa 
distinct species of parasite pathogenic to man. Had it not 
been for malaria therapy the problem of whether P. ovale is a 
true species might, even to the present time, have remained un- 
solved, as is the problem of P. tenue. The English anopheles 
A. atroparvus was found to act as a carrier of P. ovale, 
but the cycle in the insect host is much longer than in either 
P. vivax or P. falciparum, taking about 15 days to complete 
its development. The disease caused by P. ovale in man is 
mild and usually runs to a spontaneous recovery after 7 or 8 
untreated attacks of fever. Following a spontaneous re- 
covery, repeated heavy infections, either by whole blood or by 
the bites of heavily infected mosquitoes, fail to produce 
either fever or parasites; the patients are completely and, it is 
believed, permanently immune. This is probably the reason 
why, in Africa, this species of parasite is often found in very 
young native children but infrequently in adults. 


c. P. falciparum in Man and Mosquito 


For some years after the introduction of malaria therapy at 
our Horton laboratory, only one species of malaria parasite 
(P. vivax) was used (see James, 1931). Many patients who 
had benefited from a course of fever therapy, but who had 
not made a complete recovery as judged by the cerebral 
spinal fluid, were re-infected with the same strain of the same 
species, but failed to develop fever or parasites. They had 
become immune. Although P. falciparum is a much more 
dangerous species of parasite, it was decided that with con- 
stant observation, clinical and parasitological, patients could 
safely be infected with it. A strain of parasite from India was 
tried and it was found that patients could be given a week of 
fever without undue risk. If then the attack was aborted by 
the administration of an antimalarial drug (e.g. 30 grains! of 
quinine or 10 g. of sulphamethazine in 24 hours), a further 
series of attacks could with safety be allowed. Our first few 
cases were induced by direct blood-inoculation, but it was 
then decided to follow our established practice of inducing the 
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disease by the bites of mosquitoes. By this time, 1929, man- 
to-mosquito and mosquito-to-man infections with P. vivax 
parasites had become a routine, so the same procedure in 
infecting anopheles with P. falciparum was followed (see 
James, 1931). The usual technique of examining the blood 
for gametocytes (crescents) and testing their “‘ ripeness ’’ was 
practised, and when these requirements were fulfilled, ano- 
pheles (A. atroparvus) were fed on the patient. To our sur- 
prise, dissections of the mid-guts a few days later failed to 
reveal the prescnce of any oocysts. Numerous attempts to 
infect mosquitoes with this strain of parasite were made, with 
certain modifications, such as raising the temperature in the 
laboratory, but without success. We knew that gametocytes 
were sufficiently numerous and that they were “ ripe ” ; and 
the question arose as to whether our indigenous anopheles, 
known to be receptive to P. vivax infection, were perhaps 
refractory to P. falciparum. 

However, as the result of studies of the epidemiology of 
malaria in some parts of eastern Europe, we knew that 
P. falciparum is transmitted by A. atroparvus, the same 
species as we were using. It was therefore decided to test the 
carrying powers of this species of mosquito by feeding them 
on a patient infected with P. falciparum in the Romani Cam- 
pagna where this disease is endemic (Shute, 1940). A cage of 
our indigenous A. atroparvus was taken to Rome, fed on a 
patient, and when some of the mosquitoes were dissected a 
few days later they were found to be heavily infected. The 
remainder of the infected mosquitoes were brought back to 
England and fed on three patients, all of whom developed the 
disease within the usual incubation period for this species of 
parasite. We were able to show from these experiments that 
our indigenous anopheles are refractory to at least some 
strains of P. falciparum of tropical origin, but that they are 
susceptible to infection with the strains indigenous in countries 
of eastern Europe. Complete refractoriness to infection was 
also proved with strains of this species of parasite from East 
and West Africa on many occasions, thus proving without 
doubt the existence of a number of different geographical 
strains within a single species. This was later confirmed when 
some of our A. atroparvus were taken to West Africa (Lagos), 
where they were fed on gametocyte carriers and again proved 
refractory to infection (Covell et al. 1949). The indigenous 
vectors A. gambiae were used as controls. 

If, therefore, strains of P. falciparum which cause so much 
sickness and death within the British Commonwealth were to 
be studied in our laboratory at Horton, a susceptible anopheles 
had to be established. We could, of course, have used the 
West African A. gambiae, but this species was too difficult to 
breed in large numbers in our insectarium and so would have 
involved continuous supplies being sent from Africa. We 
therefore determined to experiment with a tropical species of 
anopheles which was known to breed readily under laboratory 
conditions and which was a proved “carrier” of at least 
three species of human Plasmodium. We decided to try the 
Indian mosquito A. stephensi (type). This mosquito breeds 
readily in the laboratory and, incidentally, was probably the 
** dappled ” wing mosquito in which Ross first saw a malaria 
oocyst. A colony of A. stephensi was established in our 
laboratory in 1947 and is still being maintained. It is an 
excellent carrier of the West African strain of P. falciparum 
and it has also been proved by us to be a carrier of at least one 
European (Roumanian) strain of P. falciparum. While 
certain species of anopheles are refractory to some strains of 
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P. falciparum we have never encountered a strain of P. vivax 
which could not be transmitted by our English A. atroparvus. 
African—North and West, Indian, Madagascan, Italian and 
Roumanian strains are all transmissible by our indigenous 
A. atroparvus, as are also several African strains of P. ovale 
and the simian parasite, P. cynomolgi. This parasite of the 
monkey resembles P. vivax rather closely, morphologically, 
but is unable to parasitize man either by direct blood inocu- 
lation or by sporozoites injected by mosquito bites. As 
mentioned above, our studies of P. falciparum have shown 
clearly that while the disease produced by this species of 
Plasmodium is very severe it can with care be used for 
therapeutic purposes, providing there is constant co-operation 
between the clinician and parasitologist. Valuable knowledge 
has accrued as the result of using P. falciparum for fever 
therapy, not only concerning the carrier species but also for 
testing synthetic drugs in prophylaxis and therapy. Unfor- 
tunately, this disease is too dangerous to be distributed 
indiscriminately to all hospitals where malaria therapy is 
practised and must be confined to those where experts are 
available. 


d. P. malariae in Man and Mosquito 


The distribution of this species of parasite is usually de- 
scribed as “ patchy’ in endemic and hyperendemic areas. 
We first used it for fever therapy over 20 years ago (James, 
1931). It was found to be very useful for inducing fever in 
cases (such as adipose patients) where it was considered that 
P. vivax was a serious risk. We have also used P. malariae 
therapy successfully in patients who, having previously had 
malaria, are immune to P. vivax and perhaps to P. falciparum. 
P. malariae has also served a useful purpose in inducing fever 
in patients who have required a second course of fever therapy, 
the first being with P. vivax or P. falciparum. It is well 
known that people infected with mosquito-transmitted P. 
malariae may relapse up to 40 years or more after the last 
time of infection, as against one to two years with P. vivax, 
6 months to one year with P. falciparum and seldom, if ever, 
with P. ovale. None of the hundreds of patients infected by 
us by direct blood inoculation has relapsed. In this way P. 
malariae infections resemble those of P. vivax but not those of 
P. falciparum. 

Even in primary cases of P. malariae, parasites in the 
peripheral blood are seldom numerous, compared with the 
parasitic infestation of P. vivax and P. falciparum. In 
P. malariae, gametocytes are seldom found and, when they 
are, it is rare to find more than 100 per mm.* of blood. The 
gametocyte wave in P. malariae, if there is one, is seldom seen 
and is therefore less understood than is the case with other 
species of human Plasmodium. Repeated attempts to infect 
our indigenous A. atroparvus failed, at least beyond the oocyst 
stage. On many occasions one or two oocysts have been 
found in 2 or 3 per cent of a batch of 100 or 200 mosquitoes 
(A. atroparvus) (James, 1931), but salivary gland infection has 
never been seen, and the disease has never been transmitted to 
patients by us with A. atroparvus which had fed on suspected 
carriers several weeks previously. It was not so easy to come 
to a decision as it was with our failure to infect our indigenous 
anopheles with tropical strains of P. falciparum, as mentioned 
above. Because gametocytes of P. malariae were seldom 
found in the blood of any of our patients, and because when 
they were found they were extremely scanty, we could not 
decide whether failure to infect mosquitoes was due to the 
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numbers of gametocytes being too small to produce infection, 
or whether it was because our indigenous anopheles were 
refractory, at least beyond the oocyst stage. Attempts to 
infect our A. atroparvus from patients infected by direct blood 
inoculation continued intermittently over a period of 20 
years but always without success. Other workers, Iyengar 
(1932) in India, Boyd & Stratman-Thomas (1933) in America, 
and de Buck (1935) in Holland, had, with difficulty, infected 
their indigenous anopheles and transmitted the disease to 
man by their bites. But only one worker (Boyd in America, 
Boyd & Stratman-Thomas, 1936) has succeeded in passing the 
parasite through two successive man-mosquito passages. 
Recently we tried the Indian anopheles, A. stephensi, by 
feeding some of them on one of our cases. Oocysts were 
found, albeit in very small numbers—seldom more than two. 
However, the oocysts developed, although at a slower rate 
compared with P. vivax and P. falciparum, sporozoites 
eventually appeared in the salivary glands, and patients 
became infected when bitten by these mosquitoes. To date, 
two successive man-mosquito mosquito-man passages have 
been achieved, equalling the record of Mark Boyd and his 
co-workers. It seems that our A. atroparvus is a very poor 
carrier of P. malariae compared with the Indian A. stephensi, 
which is one of the most efficient carriers of human malaria 
parasites in the world. It is interesting to note that the two 
rarest species of human plasmodia, P. malariae and P. ovale, 
have the longest cycle in the insect host and that the species 
which produces the lowest number of gametocytes (P. 
malariae) has the greatest longevity in the intermediate host, a 
biological fact of considerable importance. 


e. Double Infections (P. vivax and P. falciparum) 


Although asexual parasites of two and sometimes three 
species are found at the same time in the peripheral blood of a 
patient, such findings are by. no means common, even among a 
non-immune population which has rather suddenly been 
plunged into a highly endemic area. Among many hundreds 
of positive blood films from British troops examined by me in 
southern Italy in 1943, less than 1% showed double infections 
and on only a single occasion did I find a patient harbouring 
all three species of parasite at the same time, P. vivax, P. 
falciparum, and P. malariae. 

Very little is known concerning the behaviour of double 
infections in man and mosquitoes and there is therefore 
nothing in the literature because, presumably, few or no 
controlled experiments have been done on this subject. It 
may therefore be interesting to record a small series of experi- 
ments carried out at our laboratory some years ago. We 
happened to have under treatment two patients whose 
blood contained large numbers of gametocytes, the one of 
P. falciparum, and the other of P. vivax. A large batch of 
mosquitoes was fed on alternate days, first on the patient 
infected with P. falciparum and then on the patient infected 
with P. vivax. The reason for feeding the mosquitoes first 
on the P. falciparum case was because with this species of 
parasite the completion of the cycle takes about two days 
longer than in P. vivax. From the third day after the first 
infective feed, the stomachs of some of the mosquitoes were 
dissected and a study made of the oocysts. It was found that 
the insects had become heavily infected with both species of 
parasite and each of the oocysts studied conformed to the 
classical picture, as determined by the degree of coarseness 
and the arrangement of the pigment in the cyst. When it 
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was seen that both species of parasite had completed their 
cycles in the insect host (i.e., when sporozoites were found in 
the salivary glands), the remainder of the infective mosquitoes 
were fed on two other patients each on a single occasion. 
Both these patients developed fever within the usual incuba- 
tion period, and parasites (P. falciparum only) were found 
in the peripheral blood. After some days of fever, during 
which time no P. vivax parasites were found, both patients 
were given antimalarial drugs, sufficient to cure the attack 
but not to cure the disease. Within three weeks both patients 
recrudesced (fever developing and parasites being found), 
but again only P. falciparum parasites were found in the blood. 
Further sub-therapy was given and a few weeks later both 
patients again recrudesced. Once again only falciparum 
parasites were found and after a few days of fever a full 
course of antimalarial treatment covering a period of 15 days 
was given which cured the disease. Six months later one of 
the patients developed fever and parasites were found, and 
during the seventh month the second patient followed suit. 
This time only vivax parasites were found. 

Because this is a very small series it cannot be contended 
that this is the constant picture when patients are infected 
with a double infection at the same time. Nevertheless it 
agrees with what is frequently seen in naturally acquired 
infections among a non-immune population, especially 
among service men returning to Britain from a military cam- 
paign in endemic areas such as Italy, Greece, or North Africa, 
where both P. falciparum and P. vivax are indigenous; and 
particularly among those troops who have spent less than 
one year in the area. While there, as their records often 
show, they have fallen victims to a primary attack due to 
P. falciparum malaria parasites and in many cases to a series 
of recrudescences due to the same species of parasite. They 
return to Britain and after a period of weeks or months 
experience another sharp attack of fever which is nearly 
always associated with P. vivax parasites. 

The question which naturally arises is whether there is any 
antagonism between the various species of parasites belong- 
ing to the same genus and, if so, how does the antagonism 
operate and in what stage of the parasitic cycle. It is most 
unlikely that it is a direct antagonism, for the following reason: 
if a patient is infected with P. vivax and on the first day of 
fever he is infected with P. falciparum, parasites of the latter 
species will appear in the peripheral blood in the usual time 
(about 10 days) and, in the absence of antimalarial drugs, 
both species of parasite will persist independently of each 
other. The indication is that P. falciparum in some way 
inhibits P. vivax, but that P. vivax is unable to inhibit P. 
falciparum. As both species of parasite are able to maintain 
themselves in the peripheral blood at the same time it would 
seem that such antagonism as occurs does so during, or at 
the end of, the incubation period. If this is so, then it is 
possibly associated with the pre-erythrocytic stage of the 
parasite in the liver or perhaps immediately following 
segmentation of these parasites between leaving the liver cells 
and invading the erythrocytes. 

In conclusion it may be interesting to record that after the 
above-mentioned batch of mosquitoes (which was infected 
with both species of parasite) had infected two patients, the 
mosquitoes were put in an ice-chest at 1° C. for 7 days. A 
few days later they were fed on some other patients and in 
these latter only P. vivax parasites were found. This shows 
that while the sporozoites of P. vivax are able to withstand 
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low temperatures for a period of time, those of P. falciparum 
cannot. It explains, at least in part, why in the tropics 
hyperendemic malaria is always due to P. falciparum; and 
why it is that in countries which are not within the tropics, but 
which have hot weather in late summer and early autumn, 
the incidence of P. vivax is high in spring and early summer 
and the incidence of P. falciparum is high in late summer and 
early autumn, falciparum malaria being more nearly a tropical 
disease than is vivax malaria. Hence the name aestival- 
autumnal fever, which the old Italian malariologists coined and 
kept for P. falciparum. 


% Development of the Parasites in the Insect Host 


All four species of parasites (oocysts) in the insect host can 
be diagnosed by the degree of coarseness of the pigment and 
by the pattern in which the pigment granules are arranged. 
The time required for the complete development in the 
mosquito varies according to the species. We have found 
that the optimum temperature at which to incubate the 
parasite in mosquitoes is about 25°C. Ifa higher temperature 
is maintained the death-rate of the mosquitoes is very high, 
without appreciable reduction in the length of the parasite 
cycle. But if the temperature is several degrees lower than 
25°C. the development of the parasite is slowed down 
considerably. We have found that at 25°C., with a relatively 
high humidity, P. vivax completes its cycle in 9 days; P. 
falciparum in 10-12 days; P. ovale in 12-15 days; and 
P. malariae in 15-21 days. 


Ross’s Black Spores 


These have been found on numerous occasions in both the 
stomach and salivary glands of mosquitoes infected with 
P. vivax, P. falciparum and P. ovale. We have never found 
these spores in uninfected mosquitoes, and believe that in 
some way they are connected with malaria infection. It 
frequently happens that when these spores are present in the 
stomach of the mosquito they are also present in the salivary 
glands, but not until the glands have been invaded by 
sporozoites. 

One advantage of being able to induce malaria infections in 
man in the laboratory is that it is possible to determine the 
natural life-span of the respective species of parasites brought 
about by infection by the bite of one mosquito on a single 
occasion, and infections brought about by the bites of 
numerous infected mosquitoes on many occasions. Perhaps 
one of the most surprising findings is that the number of 
sporozoites injected on a single occasion or on many different 
occasions does not seem appreciably to influence the severity 
of the disease, the duration of the attack or the gametocyte 
output. These and many other similar observations (Shute, 
1946) have added to our knowledge of the epidemiology of 
malaria as it occurs in hyperendemic and endemic parts of 
the world. 


. 


4. Length of Life of Parasites in Man 


Malaria therapy has also made it possible to estimate the 
length of life in man of each of the four species of parasite, 
and the frequency and severity of relapses. These may be 
summarized as follows: 

P. falciparum. Survival in man is seldom more than six 
months but a few cases have had a relapse up to one year. 
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If relapses occur they do so at about two-weekly intervals, and 
each relapse, after the second or third, gets less and less severe. 
These are therefore more correctly termed recrudescences. 

P. vivax. Survival in man is seldom beyond one year, but a 
few cases have relapsed up to two years. Following a course 
of antimalarial drugs for the treatment of the primary attack, 
the majority of relapses occur around the 28-week period 
after the end of the primary attack. Relapses which are not 
treated by antimalarial drugs usually run to a spontaneous 
recovery and such cases seldom relapse subsequently. 

P. ovale. Relapses are extremely rare, which is not surpris- 
ing when it is remembered that most cases run to a spon- 
taneous recovery even in the primary attack, indicating that a 
high degree of immunity is quickly established against this 
species of parasite. 

P. malariae. Only ten patients have been infected in this 
laboratory with this species of parasite, and this quite 
recently, as described above (section 2d). 

It should be understood that the life-span of the parasite 
in man, referred to above, represents mosquito infections 
induced on one occasion only or on several occasions within a 
few days and, most important of all, infection by only one 
strain of a species of parasite. From this it will be seen that 
the picture may be quite different from that presented in 
hyperendemic areas, where infections occur frequently through- 
out the year, and even in endemic areas, where infections are 
numerous during the transmission season. In addition to 
multiple infections in nature there is also the problem of 
different strains and double infections with two species of 
parasite. 


5. Host Susceptibility 


While it is well known that human malaria can be trans- 
mitted only by the genus Anopheles, it is not so generally 
realized how greatly susceptibility to infection varies between 
different species of anopheles. Our failure to infect English 
A. atroparvus with some tropical strains of P. falciparum 
(already referred to), even though they readily become infected 
with European strains of the same species, is a good example 
of this. We have found, too, that some species of anopheles 
are more easily infected with one species of malaria parasite 
than they are with another (see Shute & Maryon, 1951); 
A. atroparvus is more susceptible to infection with P. vivax 
than it is to P. falciparum. Even with a batch of mosquitoes 
all reared from the same parental stock and fed on a gameto- 
cyte carrier at the same time, it is seldom that all the mosquitoes 
become infected. In addition, the number of oocysts per gut 
varies enormously. 
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The following experiment is an example. The mosquitoes 
in this experiment were all reared in the laboratory from the 
eggs laid by a single female, A. atroparvus, English strain. 
After feeding, each insect was examined to ensure that a 
blood meal had been taken. The mosquitoes were then 
kept at 25° C., and all were dissected on the 7th day. The 
stomachs were flattened on a slide beneath a coverslip and 
lightly stained with Weigert’s iron haematoxylin. By the 
aid of an Ehrlich square eyepiece the number of oocysts per 
stomach were counted, with the following result (see Table I). 


TABLE |. SINGLE FEEDING EXPERIMENT 
(A. atroparvus infected with P. vivax) 






















Mosauito Number of FT mocquit Number of F wocquit Number of 
number | ney? J number | oacrsts'n | “number | Cysts” 
| 0 11 65 2! 142 
2 0 12 68 22 152 
3 0 13 77 23 184 
4 9 14 86 24 229 
5 9 15 88 25 238 
6 15 16 90 26 326 
Ps 26 17 92 27 425 
8 3! 18 113 28 738 
9 31 19 129 
10 36 20 130 











Leucocytes: 5,000 per mm. 
Exflagellating males: 850 per mm.* 
Females: 1,920 per mm.* 


The indication here is that some individual mosquitoes 
within a species are more susceptible than others; as will be 
seen from Table I, three were negative while one contained 
738 oocysts. Experiments have shown that it is but rarely 
that 100% of a batch becomes infected following a single 
blood meal in which ripe gametocytes are numerous. How- 
ever, if a batch of mosquitoes is fed three or four times on 
blood containing P. vivax gametocytes, 100% do become 
infected. This suggests that no individual mosquitoes are 
completely refractory to infection and that the number of 
feeds required to produce 100% infection represents the 
degree of susceptibility. 

Since the laboratory at Horton was established in 1925, 
over 150 papers have been published. In addition, numerous 
demonstrations have been given at laboratory meetings and 
many thousands of specimens distributed to hospitals all over 
the world for teaching purposes. 
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It is probable that progess in the reduction of malaria 
infection has been greater during the past five years than 
during the previous 40 years. This progress is mainly due to 
the discovery and widespread use of the new synthetic 
insecticides, of which the best known are DDT (dichloro- 
diphenyl-trichloroethane) and BHC (benzene hexachloride or 
hexachlorocyclohexane). Others that have not yet been 
adopted widely for the control of mosquito vectors of malaria, 
either because in preliminary studies they were shown to be 
less toxic to mosquitoes than DDT and BHC, or because of 
their more recent appearance, are chlordane (or 1068), 
toxaphene (3956), DDD (dichloro-diphenyl-dichloroethane), 
methoxychlor, heptachlor, aldrin (compound 118) and 
dieldrin (compound 497). In addition there are certain new 
phosphorous insecticides, e.g. parathion, HETP (hexaethyl- 
tetraphosphate), and TEPP (tetraethyl-pyrophosphate) that 
are extremely toxic to some insects, but their toxicity to 
mammals is so high that it is unlikely that they will be used in 
the near future for such purposes as mosquito control. 

With the exception of chlordane, these insecticides are solid 
crystalline substances (technical toxaphene is almost a paste). 
They can be dissolved in a number of solvents, including 
petroleum and coal-tar oils and their fractions, and some 
vegetable oils, and are made up in a variety of different 
formulations—simple solutions, emulsions, dusts, and wettable 
powders for suspension in water. 


1. Destruction of Mosquitoes by Contact Action 


In whatever form insecticides may be made and applied, the 
aim in mosquito control is to produce the insecticide in such a 
form, and to apply it in such a way, that mosquitoes will make 
contact with some of the insecticide particles (or with the 


solution) either by alighting or walking upon them or by 
flying into them, or, in the case of mosquito larvae, so that 
they may make contact with and probably ingest the particles 
in the water or on its surface. 


a. Older Insecticides and Larvicides 


This contact action has of course the great advantage of 
simplicity. Amongst the older insecticides employed only 
two—the pyrethrins and rotenone—had this effect and these, 
particularly the pyrethrins, were unstable when exposed to 
air, light or water. In consequence they had little persistence 
in toxicity. Pyrethrins, however, are still the best insecticides 
for a quick knock-down of mosquitoes. They are still used 
extensively in space sprays, usually in combination with DDT 
or another of the synthetic group of insecticides. 

Old style larvicides were usually mineral oils or paris 
green. The oils, of a variety of mixtures, were applied at 
dosages of 20 or more gallons/acre’ of water surface in such a 
way that a film of oil covered the water surface, and anophe- 
line larvae, which are mostly surface feeders, were either 
suffocated by a clogging of their spiracles or preferably 
killed by the penetration of the oils into their spiracles. 
Certain of these oils were emulsified and reinforced with the 
pyrethrins for use against mosquito larvae, the pyrethrins 
adding considerably to toxicity and contributing to economy 
in dosage (Ginsburg, 1930). 

Paris green (copper-aceto-arsenite), ground finely to a 
particle size of 2 to 20 u., depends upon ingestion by mosquito 
larvae for its toxicity in dusts, or in oil or water carriers. 
When applied to water the small particles float and are 
swallowed by feeding larvae. These two larvicides—oils and 
paris green—were used very widely throughout the world, the 
oils for some 45 years and paris green for about 25 years. 
They were both effective when applied properly and without 
doubt they contributed enormously to malaria reduction 
during the first 45 years of this century. In fact, the use of 
paris green was largely instrumental in eradicating Anopheles 
gambiae from Brazil in 1940 (Soper & Wilson, 1943), from over 
90 km. of the Nile and its neighbourhood in the northern 
Sudan (Lewis, 1949) and in the near-eradication of the same 
species in Egypt in 1944-45 (Shousha, 1948). 


b. Newer Insecticides 


It is probable however that in all future efforts for the con- 
trol of malaria the new insecticides will be the chief weapon— 
indeed, they have already become so. Greatest progress in 
their use has been made on the American continent, where the 
general urge to apply new methods, the adequate supplies 
of raw materials, the adequate manufacturing facilities and 
the broad outlook and large-scale planning typical of America, 
have all contributed to the promotion of large country-wide 
campaigns for the control of malaria in the southern USA and 
in all territories as far south as the Argentine. 

One of the first efforts to apply this new weapon to civilian 
needs in British territories was made in British Guiana in 1945 
(Symes & Hadaway, 1947) when experiments were started that 
have led to a virtual elimination of malaria in the occupied 
coastal zone of that territory (Giglioli, 1948). It is probably 
true that there is no malarious territory that is not now making 
use of one or more of these insecticides on a considerable 
scale. The World Health Organization, during the past few 
years, has played a large part in aiding and stimulating the 


? x gallon (8 pints) = 4.551. 1 acre = 0.405 hectares. 
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more backward or more cautious governments to adopt these 
new methods. Through their committees and panels of 
experts they are attempting to standardize the insecticides 
themselves, and the equipment required to apply them; and 
they are providing trained teams for teaching and demonstra- 
tion in countries in which the need is urgent. 


2. Application of Insecticides to Houses 


Spraying of the internal surface of houses, and of any 
other structures where adult mosquitoes harbour, is by far 
the commonest method of using these insecticides. This 
method depends for its success on the fact that in most 
malarious areas so far investigated the majority of cases of 
infection are contracted in the houses: that is, during the 
hours of dusk or darkness the vector mosquitoes enter the 
houses to feed, and remain for periods varying from an hour 
or two to perhaps two days, the majority of species and 
specimens in all countries remaining probably five to six 
hours. During this time they rest on walls, ceilings or roofs 
and on or behind furniture, digesting their blood meal and, in 
the case of gravid females, developing their eggs. Some 
species such as A. darlingi of South and Central America remain 
for long periods of probably up to two or three days: others 
such as A. albimanus and A. aquasalis of the West Indies 
region may remain only for a few hours at most. In tem- 
perate zones some malaria vectors during hibernation may 
remain resting in houses for weeks. A. atroparvus is one of 
these (Swellengrebel & de Buck, 1938); it-can transmit malaria 
during these periods of semiquiescence. The longer they 
remain in houses or similar shelters the more vulnerable they 
become to the effects of residual sprays applied to such places. 

First experiments with residual spraying were conducted by 
the American and British military authorities during the later 
years of the war. DDT only was used, since BHC and the 
other insecticides had not then been produced. Most of these 
early attempts consisted of dissolving DDT of about 51% 
p.p’-isomer content in kerosene or similar mineral oil at the 
rate of about % to 1 lb./gallon? and spraying it with what 
equipment was available, in quarters occupied by troops. 
The oil solvent mostly evaporated fairly quickly, leaving a 
film of crystals of the insecticide on the surfaces sprayed. 
This method, with variations as to techniques and dosages 
(50 mg. to over 200 mg./sq. ft. of surface)*, depending greatly 
on the equipment available, was employed in all early trials by 
civilian authorities when supplies of DDT became available 
in 1945. It has since become obvious, however, that this is a 
costly, often wasteful and sometimes disappointing measure. 
It worked well and economically in some places, notably in 
British Guiana (Giglioli, 1948) where houses were nearly all 
of hardwood and the chief mosquito vector, A. darlingi, was 
thoroughly “‘ domestic”’ in its resting habits, and where 
intensive studies of its behaviour and habits had been going 
on for many years. In this territory the spraying of houses 
once every 9-10 months with 5% DDT solution in kerosene, 
at a dosage of 100 to 150 mg. of DDT per square foot, practi- 
cally eradicated malaria during the years 1945 to 1948. 

This simple solution in kerosene or a very near fraction of 
mineral oil is also being used widely in large national control 
campaigns in Argentine, Brazil, Venezuela, Bolivia, Mauritius, 
South Africa, Italy and probably other places; but only for 

2 1 Ib. (16 oz.) = 0.454 kg. 

3 1 sq. ft. (144 sq. in.) = 0.09m.* 
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certain types of houses. It was used initially in many other 
countries, including India, Ceylon and Greece. But it was 
found by scientists in America and in Africa (Barlow & Hada- 
way, 1947) that on absorbent materials, such as the dried mud 
which is used widely for house construction in many countries, 
very serious losses of both DDT and BHC solutions occurred 
through absorption into the mud: and, in fact, in the case of 
DDT an adsorption of some of the DDT on to the mud 
particles was suspected. In careful chemical estimates it was 
found that from 80 to 90°% of the total DDT solution applied 
was frequently lost in this way leaving small non-lethal 
deposits only on the surface. This of course resulted in poor 
kills of mosquito vectors of malaria. The same authors 
showed that emulsions of DDT were not absorbed to the same 
extent by mud and plaster surfaces; and that formulations 
called *‘ wettable powders’, which are powders treated with 
wetting agents to permit them to be mixed with water and to 
remain suspended in it sufficiently long to be sprayed, were 
still less absorbed. In the case of emulsions they were able to 
show that 65 to 70% of the total amount applied may be 
absorbed and lost, but for certain wettable powders the loss 
by absorption was from 25 to 50% only. Field and labora- 
tory experiments conducted in many other countries to com- 
pare toxicities of the solutions and emulsions and wettable 
powder suspensions available had also shown that under 
certain conditions the solutions were not as effective for most 
mosquitoes as emulsions and suspensions. In addition, 
several government authorities undertaking large control 
campaigns had noticed the poor results obtained under their 
local conditions with DDT solutions and had tried emulsions 
of various kinds with improved results. Italy, India, South 
Africa (Transvaal), Mozambique, Yugoslavia, and Spain have 
continued to use solutions and emulsions only, in their large- 
scale experiments or campaigns, the solutions being applied 
usually to the wooden, less absorbent or more finished surfaces 
(usually of better-class houses), and the emulsions, which 
leave slight but undesirable greyish or whitish deposits, to the 
more absorbent and unfinished surfaces such as mud and crude 
plasters. The majority of health authorities, however, now 
use wettable powder suspensions for their larger-scale work, 
supplemented by solutions in white kerosene for use in the 
better-class houses where the greyish deposit of the suspen- 
sions is an objection. 

The Argentine, Venezuela, USA, Mexico, Bolivia, Mauri- 
tius, Ceylon, Portugal, Madagascar, Southern Rhodesia, 
Belgian Congo, French West Africa, and probably many 
other territories, have adopted this type of formulation. It is 
usually applied with knapsack pressure sprayers of various 
types or small power sprayers at dosages varying from 100 to 
300 mg. per square foot of surface. The number of appli- 
cations varies from one or two in the temperate zones where 
the transmission season is brief, to from three to seven times 
a year in tropical territories, such as Ceylon, where trans- 
mission goes on for most of the year. In all but three of 
these countries—Southern Rhodesia, Portugal and Mada- 
gascar—DDT continues to be the insecticide of choice. 
Southern Rhodesia is using BHC on a large scale in its most 
malarious area with great effect. Portugal is comparing 
BHC with DDT in large-scale field trials and Madagascar 
uses BHC mixed with DDT and chlordane. 

BHC, discovered by British scientists in 1942 (Slade, 1945), 
was not developed much before 1945. It has therefore 
received less attention, and less publicity through use, than 
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DDT. More recently, however, field experiments conducted 
by British scientists in Uganda and in Sierra Leone (Davidson, 
1947) and in the Belgian Congo (Davidson, 1950) have con- 
firmed the very high degree of initial toxicity of this insecticide 
to adult mosquitoes (A. gambiae, A. funestus and A. moucheti) 
and its value, where used as a wettable powder. The Colo- 
nial Insecticides Research Committee (Colonial Office, un- 
published) has presented abundant evidence from laboratory 
and field studies of its superiority to DDT in initial killing 
power and of its shorter residual toxicity resulting from its 
greater volatility. In one four-year field experiment in a 
rural area the results indicated that BHC wettable powder 
(P.530) applied at roughly six-monthly intervals at a dosage of 
about 13 to 15 mg. of gamma isomer/sq. ft. reduced malaria 
(mostly P. falciparum) parasite rates in children by about 66%, 
whereas in areas treated with DDT, both solution and wettable 
powder, at a dosage of 100 to 150 mg./sq. ft. every six months, 
there was little, if any, significant change in parasite rates. 
In Sierra Leone (Davidson, 1947) and in the Belgian Congo, 
however, Davidson (1950) records that BHC treatment (in 
the Belgium Congo with wettable powder P.530 at a dosage of 
10 mg. of gamma isomer/sq. ft.), though reducing the vectors 
A. gambiae and A. moucheti very strikingly, had little influence 
on malaria parasite rates. He concludes, however, from his 
observations on mosquitoes that the treatment remains toxic for 
about three months. Smaller field experiments conducted in 
Nigeria and Tanganyika by Muirhead-Thomson (1947, 1949) 
produced results that seemed to indicate that, in African mud 
huts, BHC wettable powder is not only more toxic against 
A. gambiae than DDT wettable powder at equivalent dosages, 
but that DDT, in the doses used, irritated and repelled this 
mosquito before it had acquired a lethal dose, to such an 
extent that DDT treatment must be considered of little value 
against this type of mosquito. Unfortunately, exact measure- 
ments of the deposits were not made. A somewhat similar 
result was recorded by Bertram (1950a) in studies with 
A. minimus in Assam though, again, no exact measurements 
are given of the deposits on the walls of the experimental huts. 
It is well known that sublethal contacts with DDT irritate and 
repel certain mosquitoes. Kennedy (1947) published data on 
this. Recent field studies by members of the Colonial Insec- 
ticide Research Unit in East Africa do not support Muirhead- 
Thomson’s very definite conclusions, though they do suggest 
that, for some reason as yet unknown, a small proportion of 
A. gambiae females do escape a lethal dose on their first con- 
tact with DDT but that, where all houses are treated over 
large areas, such specimens make lethal contact in their sub- 
sequent visits to treated houses. BHC in adequate dosage 
apparently permits few, if any, mosquitoes to escape: this is 
probably due in part to its volatility and to the toxic effect of 
its vapour. This factor is more important than has been 
appreciated. 


a. Choice of Formulations 


We are now beginning to acquire data on the effect on 
toxicity of the different forms of an insecticide used for residual 
spraying. These are helping to explain some of the dis- 
appointing and conflicting results recorded in experiments and 
campaigns. Barlow & Hadaway (unpublished) have recently 
summarized some of their own and other studies on this 
subject. The essential requirement in a residual insecticide 
formulation is a small crystal or particle size of about i0 to 
20 u. (Barlow & Hadaway, unpublished). Such small crystals 


can be easily picked up on the feet and legs of mosquitoes and, 
though initial contact with the treated surface may be brief, 
enough of the small crystals remain attached to the hairy legs 
to ensure death. If these small crystals can be surrounded 
by a film of oil they are picked up still more readily and if the 
film of oil contains the insecticide in solution the toxic effect 
is accelerated. Oil solutions are more toxic than any other 
known formulations so long as they remain wet. But most 
oils used as solvents are volatile and, as they dry out after 
application to a surface, the insecticide contained in them 
crystallizes into crystals varying in size and shape according to 
the properties of the oil and of any additives, the rapidity of 
evaporation, the type of surface to which it is applied and 
perhaps to other factors. Evaporation can be slowed down 
or stopped by adding non-volatile oils (e.g. many vegetable 
oils or lubricating oils) but this of course makes them un- 
suitable for residual spraying of houses. The crystallization 
of oil solutions applied to internal surfaces of houses therefore 
cannot at present be sufficiently controlled. On hard non- 
absorbent surfaces they usually produce large long needle 
crystals closely attached to the surface in bunches or rosettes, 
in such a way that they are not easily detached by alighting 
mosquitoes. If the partially-evaporated wet deposit of 
solution is slightly agitated mechanically by alighting insects 
or by, say, drawing the hairs of a light brush gently through 
it, crystallization can be induced and the crystals may then be 
quite small and easily detachable by mosquitoes. This 
happens also on some absorbent surfaces such as fibre-board, 
cardboard, and Essex board, but not on dried mud. 

Briefly, then, though on non-absorbent surfaces oil solu- 
tions when still wet are the most toxic form of insecticide, 
they are usually unsuitable in that form since they must 
remain wet; when they dry out their crystal forms cannot be 
controlled and they are often not of the most suitable size 
and shape for attachment to mosquito legs. On absorbent 
surfaces and particularly on dried mud their surface deposits 
are so reduced by absorption that they are largely ineffective. 
Emulsions behave in much the same way as solutions, though 
there may be some that break down sufficiently quickly to 
prevent too serious loss by absorption. 

It is considered then that the desired crystal form can best be 
obtained by preparation before application. This is done for 
wettable powders or suspensions by grinding to the required 
crystal size in suitable dust diluents such as those used for paint 
manufacture. But much can go wrong here if the diluents are 
not of about the same particle size as the insecticide, or if the 
proportion of diluent is too high (Hadaway & Barlow, 1951). 
In such cases, the diluents overshadow or cover the smaller 
or fewer insecticide particles so that alighting mosquitoes do 
not make contact. Undoubtedly this has happened with 
some of the wettable powders used. 

Wettable powders or suspensions are not usually suitable 
for non-absorbent surfaces, since they contain wetting agents, 
as well as dust diluents. These agents are absorbed with the 
water carrier when the suspensions are applied to absorbent 
surfaces such as mud, but they dry on non-absorbent surfaces 
and stick the crystals of insecticide down too tightly. 

It has been mentioned that the small crystal of 10 to 20 u. 
has greater toxicity if it is surrounded by a film of oil. Sus- 
pensions in which this occurs have now been produced. They 
have proved more toxic in laboratory and field experiments 
than any other formulation available (Colonial Office, 1950: 
Van Tiel, 1952). 
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b. Insecticidal Paints, Distempers and Coatings 

DDT and others of these insecticides have been incorpo- 
rated in paints and finishes used for internal application to 
houses with a view to producing an attractive coating that will 
remain toxic to insects for long periods. Results have not 
been as promising as was expected, though certain manu- 
facturers claim great success with some products now available. 
Progress has been made in the incorporation of DDT in a 
urea-formaldehyde resin used for application to hard surfaces. 
The work of Block (1948) in the USA has been followed up by 
Bracey (unpublished) in England and it seems probable that it 
will be possible to treat paint work and hard surfaces in houses, 
warehouses, ships, aircraft and other structures with insecti- 
cide urea-formaldehyde resins from which “ blooming” of 
fine insecticide crystals will go on for long periods. This 
should have wide application in malarious areas and in 
quarantine measures designed to prevent the carriage of 
mosquitoes and other insects in transport vehicles, including 
aircraft. 

It has been possible here to mention only a few of the re- 
searches that have been completed or are now being con- 
ducted in many territories with a view to the acquisition of 
more exact knowledge of the action of these residual insecti- 
cides and the improvement of formulations. Results from 
some of the studies are already being applied. 


c. Equipment for Applying Residual Insecticides 

We are still without really suitable apparatus for applying 
insecticides evenly and without waste to walls and ceilings of 
rooms and other buildings. Most of the models in use, both 
hand-pressured and power-driven, are slightly modified forms 
of sprayers designed initially for applying oil to water or for 
spraying agricultural crops or fruit trees. With this variety 
of mainly unsuitable equipment results must vary considerably 
even if the insecticide formulations were satisfactory. Im- 
provements are very slow. The World Health Organization 
(1950) has helped by drawing up general specifications for 
hand sprayers, and it is hoped they will deal soon also with the 
larger pressurized sprayers commonly used. 

A considerable amount of study is being made in Britain of 
the design of nozzles for sprayers, with a view to the produc- 
tion of nozzles that will produce an even spray of the required 
particle sizes. From the many nozzles available one, giving 
a flat jet, has given good results in laboratory tests and this is 
now about to be tested thoroughly in field work. The 
production of new sprayers is likely to be much delayed. But 
until they are produced it seems that we must tolerate much 
overdosing and underdosing in residual spraying, with what- 
ever undesirable effect these have on results. 


3. Larvicides 


Rather less progress has been made with larvicides, though 
in many countries—notably in Cyprus, Sardinia, Corsica, 
Turkey, Greece, Yugoslavia, South Africa and Mauritius— 
the treatment of breeding-grounds is supplementing house- 
spraying. The greatest advance here is that, with the addition 
to the usual oils of substances that increase their spread, and 
of about 5% BHC or DDT (and probably of others), it is 
possible to get much better kills of larvae under most condi- 
tions with about one-twentieth or less of the old-style oil 
dosages. A great deal of study has contributed to this. A 
good antilarval oil should spread easily on the surface of the 
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majority of natural waters, and enter the tracheae of larvae 
lying on or coming to the surface of the water. It should also 
be stable after application, so that the film of oil formed on 
the water surface should not break up for at least two hours. 
Its ability to remain stable depends upon its spreading power 
in relation to the surface tension of the water, and upon the 
absence, or excess, of aromatics, and the absence of fatty 
acids. Macdonald (1946) has summarized data on larvicides 
briefly and clearly. He recommends that with oil alone 
(i.e., without added insecticide), of a spreading pressure of 
about 23 dynes/cm., spraying of the whole surface of the water 
is necessary at a dosage equivalent to at least 14 gallons/acre. 
With oils to which 5% DDT has been added spreading 
pressure should be 46 dynes/cm. and application should be in 
individual doses and discrete drops, allowing 2 oz. for every 
2,000 square feet. 

Reid, Rajamoney & Chellappah (1950) in Malaya have 
recently conducted studies on larvicides for use against 
A. hyrcanus and A. philippinensis, in ditches containing clean 
still water. They found that under these conditions ordinary 
malariol oil (a mixture of 70°% diesel oil and 30% gas oil) 
with no additional high-spread material added (and with 
presumably a spreading pressure of not more than 21 dynes/ 
cm.) but with 5% DDT solution, when applied at a dosage 
of 0.5 ml./sq. yd. (i.e., approximately % gallon/acre) gave 
better control than 12 gallons/acre of malariol without the 
DDT. In Egypt, Madwar & El Shawarby (1950) applied a 
5% solution of DDT in solar oil with flit guns at a dosage of 
0.2 ml./m.? (i.e. about 1% pints/acre) in a successful eradi- 
cation of A. sergenti from two large oases. 

The importance of an adequate spreading pressure in the 
oil was recently appreciated in the experiments of the Colonial 
Insecticides Research Committee with larvicides in Mauritius. 
Here, an oil to which resin had been added at the rate of 0.25% 
to bring the spreading pressure up to 30 dynes/cm., failed to 
spread on water supporting much decaying vegetation. 


a. Larvicides Applied from Aircraft 


Trials of this method were conducted by or on behalf of the 
military authorities in various areas during the war years. 
Of those from which data are available, one carried out in 
West Africa (Black et al., unpublished) and a series conducted 
in East Africa (Wilson & Robertson, 1947) provided valuable 
information on which to base further work. 

More recently, in North America, Canadian and American 
scientists have conducted extensive experiments in the drop- 
ping of insecticides from aircraft for the control of Aédes 
mosquitoes in the northern areas, and of anophelines in the 
USA. Two main methods have been tried, (i) the applica- 
tion of a fine liquid spray and (ii) application of a smoke or 
aerosol. 

The fine liquid spray is ejected either through a single 
straight emission tube or venturi under the aircraft’s fuselage, 
or through a long boom fitted with nozzles running usually 
along the underside of the wings. Some aircraft installations 
have the nozzles on the wing tips, the stabilizer tips and at 
the tail. Smokes or aerosols are produced by injecting the 
solution of insecticide into the exhaust stacks and relying upon 
the heat and exhaust flow to break it up into fine air-borne 
particles. Most smokes thus produced are really fine mists 
rather than aerosols. Appreciable success is claimed from 
both methods. Usually, as might be expected, the fine 
sprays are of bigger particles than the ‘smokes,’ though they 








contain in their greater range of sizes a larger proportion of 
particles of the same size as those in the smokes. 

In a recent report from the Tennessee Valley (Cutkomp, 
Hess & Keener, 1950) where much work of this kind has been 
carried on during the past few years, it is concluded that the 
smoke or aerosol from a 20°, DDT solution in velsicol when 
applied from a height of 25 to 30 feet gave satisfactory control 
of A. quadrimaculatus, but that at greater heights (e.g. 50 feet) 
a similar solution emitted as a finely-divided liquid through 
nozzles was better than the smoke. The latter was also more 
economical in facilitating wider swathe widths and was not so 
much influenced by slight air currents as the smoke. Ludvik 
(1950) briefly sums up work on both these forms of applica- 
tion. The optimum particle size for the control of larvae is 
about 70 u. This size is able to penetrate vegetation of 
ordinary density. Particle sizes are influenced directly by 
viscosity and surface tension, and inversely by the specific 
gravity of the liquid used. The pressure at which the solution 
is pumped through the nozzles also has an important influence 
on particle size; an increase of pressure from 40 to 100 Ib./sq. 
in. decreases particle size from 145 to 90 u. Another impor- 
tant influence on particle size is the orientation of the nozzle in 
relation to the direction of flight. Nozzles directed forward 
give much smaller particles than those directed downwards, or 
trailing nozzles. The speed of the aircraft and the position of 
nozzles are other important factors that must be considered in 
the adoption of this technique. 

Appreciable contributions to the study and trials of this 
method of distributing larvicides have been made by the 
authorities at Porton, England, and the Colonial Insecticides 
Research Unit in East Africa, working in co-operation 
(Colonial Office, unpublished). Aircraft have been fitted with 
both the exhaust smoke apparatus, and with the straight 
emission pipe and boom-nozzle types of equipment. Though 
the field trials in Uganda and Tanganyika have been made on 
bush infested with tsetse flies, much of the data acquired is 
applicable to larviciding. One of the many problems to be 
solved is the adequate penetratior of vegetation, for many 
mosquito swamps are clothed in vegetation of various heights 
and densities. The boom-and-nozzle equipment now under 
trial, designed and fitted by the Porton engineers for Anson 
aircraft, produces a particle range of 5 to 250u. with an average 
of 70u. The droplets at the lower end of the range penetrate 
bush fairly well. It has yet to be seen if their application to 
water will kill anopheline larvae. 


b. Equipment for Applying Larvicides 

It cannot be emphasized too strongly that suitable equip- 
ment for all forms of application is essential if the excellent 
insecticides and larvicides we now have in our possession are 
to be used effectively and economically. With the present 
tendency to employ high-spreading and highly toxic solutions, 
larviciding calls for greater precision and the old-fashioned 
sprayers are not capable of this. A few types have been 
modified reasonably well but completely new designs appear to 
be necessary to enable operations to cover large areas of 
country, and sometimes large areas of water, with facility. 
In England and America, and probably in other countries, 
the search is going on for better sprayers or applicators. 
With the high-spreading oils it is probably no longer necessary 
to cover water surfaces with small oil deposits, but rather to 
apply carefully judged dosages and allow the high-spreading 
property (e.g. cresylic acid or resin) to complete the film. 
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For applying larvicide on the ground by hand a light but 
robust apparatus of say % to | gallon capacity, that will 
eject up to about 0.5 ml. in drops of about 3 to 400 u. 
at each push of a button or trigger, is probably required. 
Machines of this type are being designed in England. 


4. Insecticide Fogs and Smokes against Adult 
Mosquitoes or Larvae 


Considerable effort has been devoted to methods of 
generating insecticide fogs or smokes. The simplest form of 
generator is the candle or canister, charged with, say, DDT 
or BHC mixed with a burning mixture. Many of these are 
available. They produce a dense smoke that is usually 
lethal to all adult mosquitoes that happen to be in its line of 
drift. But, like the pyrethrum space spray, it has little, if any, 
residual effect. Deposits from the smoke on walls and ceil- 
ings of buildings in which it has been released are usually too 
light to be toxic to mosquitoes alighting on them. Machines 
for the production of such smokes and of what are more 
correctly termed fogs are also available. These, too, are 
mainly useful for the destruction of adult mosquitoes in 
buildings and even in bush; but most fogs of this kind do not 
produce sufficient residues on vertical surfaces to kill by 
contact. This inadequacy may, however, be corrected. 

For larviciding, also, smokes and fogs from canisters and 
generators have been rather disappointing owing to their 
inadequate deposit of insecticide. Though here again there 
are hopes that improved designs are being produced to put 
this right. It may well be that more study of the types of 
insecticide formulations suitable for the production of heavy 
drifting fogs will solve the problem. 


5. Space Sprays for Adult Mosquitoes 


* Flitting’ is still widely adopted in houses in many 
countries for the destruction of adult mosquitoes; in fact, no 
new insecticide has yet been produced that is superior to 
pyrethrins for a quick knock-down of mosquitoes. In most 
space-spray formulations, however, DDT or one of the other 
new insecticides is now incorporated to guard against the 
recovery of any mosquitoes that may not have received a 
lethal dose of pyrethrin aerosol. Space spraying has become 
a main method for preventing the carriage of mosquitoes in 
aircraft, trains and ships. It is therefore an important 
international quarantine measure, and much attention has 
been devoted to improving equipment and techniques both 
in America and in the United Kingdom particularly in relation 
to the treatment of aircraft. For some five to six years the 
aerosol bomb, first made and developed by Sullivan, Goodhue 
& Fales (1940), has been used for aircraft disinfestation in 
most countries of the tropics and subtropics, and in America 
for domestic use. The insecticide employed was pyrethrin, 
usually in such a formulation as: pyrethrins, 0.4% (weight); 
sesame oil, 8%; dichlorodifluoromethane (freon 12), 90%. 
Sesame oil is a synergist, boosting the action of the pyrethrin. 
Freon is a liquefied gas used as a propellant. Later, DDT 
was added with small quantities of oils to increase toxicity, 
and the synergist was omitted. 

In the United Kingdom a special advisory subcommittee of 
the Standing Insecticides Conference has initiated studies of 
new formulations some of which contained BHC instead 
of DDT. It has also been instrumental in promoting the 
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manufacture of aerosol bombs in England. The World Health 
Organization has also helped appreciably to improve and 
standardize this most useful method of checking the spread, by 
aircraft, of malaria vectors. The World Health Organization 
Expert Committee on Insecticides (1950) dealt very fully with 
the method applied to aircraft and ships. Their recommen- 
dations, based upon experience in many territories, include the 
following formulation to be used: ‘* An aerosol of pyrethrins 
and DDT containing | % in weight of pyrethrins I and II and 
at least 3% in weight of DDT. The amount of insecticide 
dispersed should contain at least 50 mg. of pyrethrins per 1,000 
cubic feet (28 m.*) of enclosed space to be treated’’. For ex- 
terior parts of aircraft that might provide shelter for mosquitoes 
the recommended dosage is twice this amount. 

A very important development in connexion with space 
spraying is the production in 1949 by Schechter, Green & La- 
Forge (1949) of a synthetic substance very like the pyrethrins, 
with high toxicity to certain insects including mosquitoes. 
This substance called “ allethrin”’ (Bishopp, 1950) has not 
replaced natural pyrethrins (as was feared by some and 
hoped by others) though it is probably being used in certain 
space-spray formulations in the USA. It is not easy to 
produce and its price up to now has not interfered with 
demands for pyrethrum flowers. It is, briefly, another very 
useful insecticide: another worthy result of many years of 
intensive investigation by American chemists. 


6. Important Factors in Insecticidal Control 


It remains in this brief review to mention the two most 
important factors in insecticidal control of malaria—the 
mosquito and the man. 

Mosquitoes are the target of all this effort. One cannot 
reasonably expect to hit a target if its whereabouts are not 
known. The variable results from the use of these very 
potent insecticides have emphasized how inadequate is our 
knowledge of the mosquitoes, in many areas, whose elimina- 
tion we hope to bring about. The many inexplicable results 
obtained, particularly from applications of residual sprays to 
houses, have stimulated in the past few years more careful and 
detailed studies of the habits and behaviour of the adult 
mosquitoes concerned, both in houses and, to lesser extent, 
outside. We are finding for instance, amongst other interest- 
ing things, that certain species that were not considered 
‘domestic’ (e.g. A. albimanus) are more prone to visit 
houses than was thought, and that others (e.g. A. gambiae) 
may not be quite so ‘ domestic’ as previous studies had led 
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us to assume. It is not enough to know that mosquitoes 
enter houses to feed; the time they spend there and where 
they spend it must also be known if residual spraying is to 
be done most effectively and economically. Bertram (1950b) 
suggests from recent studies in Assam that treatment of only 
the ceilings of huts with a 1% DDT emulsion every four 
months would control malaria carried by both A. minimus 
and A. vagus, but that treatment of inside walls only, though 
effective against A. minimus, is not so against A. vagus. 

A significant and somewhat ominous recent development is 
the occurrence of a resistance or tolerance in house-flies and 
in certain culicine mosquitoes to DDT, BHC and others of 
these chlorinated hydrocarbon insecticides. A _ similar 
resistance has not yet been recorded in anopheline mosquitoes ; 
but it may well develop. A close watch is being kept for 
this. 

These essential studies of mosquitoes are slowly demon- 
strating that the efficacy of insecticides for malaria control 
must be based upon their intelligent use. This is necessary 
not only with regard to mosquitoes, but also in connexion 
with the effective employment of appliances for the dispersal 
of insecticides. In the past, in most territories the vital role 
in mosquito control has usually been played by the least 
intelligent and lowest-paid labourers. Mosquito control is 
dirty laborious work. In all malarious countries large numbers 
of low-paid men were supervised by various types of cleaner 
and better-paid men in order that they should do their 
unpleasant and uninteresting toil satisfactorily. There was 
much waste. Sheer weight of numbers and of oil, or paris 
green, ensured some degree of success. With new and 
better though costly insecticides, calling for more precision 
and intelligence in application, the low-paid labourer 
must be replaced by a well-trained technician if good materials 
are not to be discredited by bad application, and if malaria 
control on a large scale is to be brought within the financial 
scope of governments and other authorities. There is still 
much waste of material and of money in many territories 
because this is not appreciated. It is widely agreed, however, 
that this change of attitude is desirable and necessary; con- 
siderations of economy may well bring this about more 
quickly. 

It is probable that the progress outlined above has brought 
protection to some seventy or eighty million people .in the 
past five years. Not all of this protection is complete. 
Much remains to be done to make it so, and to extend it to 
the several hundreds of millions, mostly in rural areas, who 
are still exposed to malaria infection. 
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THE MALARIA ERADICATION 
SCHEME IN MAURITIUS 


M. A. C. DOWLING M.R.C.S. L.R.C.P. D.P.H. 
D.T.M. & H. 


Officer-in-Charge 
Malaria Eradication Scheme, Mauritius 


Shortly after the end of the 1939-45 war, a malaria control 
scheme, based on measures for the eradication of adult 
mosquitoes and employing the new residual insecticide DDT 
(dichloro-diphenyl-trichloroethane), was undertaken in British 
Guiana under the direction of Dr Giglioli (1948; see also the 
Annual Report, 1948, of the Medical Department, Mosquito 
Control Service, British Guiana, by P. F. de Caires). This 
method of control proved itself to be very successful against 
the chief local vector, Anopheles darlingi which, being pre- 
dominantly a domestic species, was reduced almost to the 
point of elimination in the course of the next few years. 
Unfortunately, however, the ever-present danger of the exten- 
sion of Anopheles from the neighbouring countries made 
necessary the continued application of antimalarial measures 
to prevent such an occurrence. In 1948, following upon the 
success of the British Guiana experiment, the Government of 
Mauritius, in conjunction with the Colonial Insecticides 
Committee, decided to sponsor a similar scheme in an attempt 
at total eradication of malaria inthe island. It was considered 
that, eradication once attained, it would be possible to prevent 
further infiltration of Anopheles by port and airfield control. 

Mauritius is a small island of some 720 square miles with a 
population of almost half a million. Malaria was introduced 
in the middle of last century and the year 1867 saw a severe 
epidemic of the disease, affecting chiefly the capital town of 
Port Louis which was probably the point of introduction. 
In this town with a population of 47,000 there were more than 
6,000 deaths in a single month. The disease rapidly encircled 
the island, transmitted by the African vectors, A. funestus and 
A. gambiae. A. funestus appears to have been the chief 
carrier and, by breeding vigorously all the year round, it 
maintained the infection on the coast at a high level during 
the winter months of June to December. A. gambiae 
probably played an important role in the transmission of the 
disease during the epidemic summer months. 

The object of the scheme was to attempt eradication of the 
two vectors, at first by residual spraying. This primary 
method was to be supplemented or superseded by other 
measures, if they were considered necessary in the light of 
experience. A small team was selected in the United King- 
dom by the Colonial Insecticides Committee and arrived in 
Mauritius in November 1948 to direct the experiment and, by 
setting up scientific controls, to interpret the results. The 
island was divided, for purposes of administration of the 
scheme, into six districts, each with a locally selected team of 
35 to 40 men under the direct supervision of a field officer. 
A thorough house survey had been ably carried out before the 
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arrival of the research team in Mauritius, and this, together 
with detailed sketch maps of the countryside, made it possible 
for work to begin as soon as the preliminary training of 
spraying staff had been completed. Three distinct zones 
were chosen and a different insecticide formulation was used 
ineach. By contrasting the three insecticides (technical DDT 
in kerosene, and the 50% wettable powders of DDT and BHC 
(benzene hexachloride)), it was hoped that the most efficient 
and economical preparation under conditions prevailing in 
Mauritius could be selected for use in the later stages of the 
scheme. 

Spraying began in the middle of January 1949, and was 
completed in all districts by May. A large residential area 
on the central plateau of the island was omitted as it was well 
protected by efficient antimalarial works. Hand sprayers of 
the knapsack pattern were used for room spraying, and 
petrol-driven power sprayers were found to be invaluable for 
large buildings. All possible resting places for the adult 
Anopheles were treated, including barns, churches, temples, 
and factories, as well as the native dwelling-houses, outhouses 
and cattle sheds. Technical DDT was mixed in bulk with 
kerosene to make a 5% solution and distributed to districts 
from the central depot. The two wettable powders were 
mixed at field stores to make a 5° suspension in water. The 
aim was to apply a surface deposit of 100 to 150 mg. of 
DDT or BHC per square foot, and this was confirmed by 
continual chemical analysis of test papers and by rigid 
checking by the supervisory staff. Figures for equality of 
deposit in the first spraying were higher and more variable 
than was desired, but the variability diminished considerably 
as the gangs doing the spraying became better trained. 

Table I shows briefly the total number of buildings treated 
during 1949-50. It was found possible after the first treat- 
ment to reduce considerably the areas sprayed in the light of 
the results obtained. The second spraying included a re- 
treatment with DDT kerosene solution of the zone where 
BHC had been used, as the latter insecticide was abandoned 
at the beginning of 1950 on economic grounds. 


TABLE |. NUMBER OF BUILDINGS SPRAYED AND 
POPULATION DIRECTLY AFFECTED, 1949-50 














Number of Number of | Population 

Date of spraying houses rooms directly 

sprayed sprayed protected 

Jan.—May 1949 . 75,829 | 376,998 324,181 

Sept.-Dec. 1949 . ‘ 58,184 | 275,554 231,824 

Sept.-Dec. 1950 . P 48,090 220,697 193,640 
Total .  . .| 182,103 | 873,249 | 3 — 














In order to facilitate the work of the unit, an ordinance was 
introduced in 1948 authorizing personnel to enter houses for 
the purpose of spraying or scientific control work. Certain 
difficulties were of course experienced, particularly in the 
early stages of the scheme. It was the practice of spray gangs 
to cover all furniture and furnishings as thoroughly as possible 
to protect them from the spray. This procedure consumed a 
good deal of time as the average house contained a formidable 
array of bric-a-brac, but it was an important factor in main- 
taining the goodwill of the inhabitants. The custom of 
replastering the interior walls of houses immediately before 
the New Year, chiefly among the Indian community, presented 
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a very serious obstacle, as this redecoration took place soon 
after spraying had been completed and at the beginning of the 
malaria epidemic season. A third difficulty was that spraying 
took place of necessity during the gathering of the sugar crop. 
Many families made their way at dawn to the cane-fields, 
leaving their houses locked, to return at dusk after the day’s 
work. These and many other minor obstacles were overcome, 
thanks to the assistance willingly given by government 
officials, estate managers, and many private individuals who 
appreciated the value of the scheme to the health of the 
community. 


Results of the Campaign 


In order to be in a position to interpret accurately the 
results of the residual spraying, it was necessary to set up a 
series of scientific controls during the brief period between the 
arrival of the team and the beginning of the campaign. 
Laboratories were equipped and a staff of laboratory assistants 
and field mosquito boys was trained. 

MacGregor in 1924, had made a thorough survey of the 
mosquitoes of Mauritius (unpublished Report; and see also 
MacGregor, 1927). During 1942 and 1943 Sippe & Twining 
(1946) had prepared tables of splenic and parasite indices 
for towns and villages throughout the island at different 
seasons of the year. Also, since that time, new and efficient 
antimalarial works had been carried out under the supervision 
of the Director of Medical Services, Dr A. Rankine, and the 
crowded residential plateau in the middle of the island, 
together with the business centre of Port Louis, had been 
virtually freed from malaria. Along the greater part of the 
coast, however, the disease continued unabated, as shown by 
the preliminary survey in 1948, and A. funestus was breeding 
profusely (as many as 1,200 adult insects were found in a single 
room). 

Four spleen and parasite surveys were carried out and the 
figures given in Table II represent a mean for the whole 
island (including the central plateau). It can be seen that a 
considerable reduction has taken place since the initial 
survey in 1948. ‘“* Thick drop ” blood films were taken from 
each child, stained with Giemsa and examined at the unit 
laboratory for the presence of parasites (which in Mauritius 
included the three species Plasmodium falciparum, P. malariae 
and P. vivax). 


TABLE Il. RESULTS OF SPLEEN AND PARASITE 
SURVEYS, 1948-51 





Number of Spleen Parasite 
children rate 


examined (%) 


Date of survey 





Before spraying 1948 . ‘ 3,585 34. 
After first spraying 1949 ; 12,105 | 


After second spraying 1950 . 14,577 
After third spraying 1951. 17,208 














In order to obtain an impression of the degree of trans- 
mission of malaria occurring among the protected population, 
a continuous survey of children was instituted late in 1949. 
In this survey, blood slides were taken from children born in 
the coastal zone since the first spraying in their locality, 
the detection of parasites being accepted as evidence that the 
child had contracted the disease in spite of the treatment of 
his dwelling with residual insecticide. In all, more than 
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FIG. 1. THE EFFECT OF ANTIMALARIAL MEASURES 
ON NUMBER OF CASES OF MALARIA NOTIFIED 
IN FLAC@ DISTRICT IN THE YEARS 1948-51 
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A : First DDT spraying 
B : Second DDT spraying 
C : Larviciding experiment 


17,000 children had been examined by the end of August 1951, 
and only 24 positive cases discovered—representing a parasite 
rate of 0.14%. Out of some 4,500 children examined during 
the epidemic first five months of 1951, only one positive case 
was found, suggesting that transmission of the disease is now 
of a very low order. The corresponding age-group, 0 to 2 
years, in the first spleen and parasite survey of 1948 gave a 
parasite index of 10.0%. 

In 1948, regular notification of all fresh cases of malaria 
treated at dispensaries and hospitals was introduced in 
Mauritius. Before this date no differentiation was made 
between new cases and relapses, and patients who returned for 
treatment were counted as additional notifications. Thus, 
the figures for the year 1948, in itself a normal year for the 
disease in the island, make a useful basis for comparison with 
subsequent years. 

In 1948, 46,395 cases of malaria were notified. In 1949, this 
figure fell to 23,746, a reduction of 48.8%, and in 1950 to 
6,021, a reduction of 87% on the figure for 1948. 

Among those cases notified as malaria by dispensaries and 
hospitals during 1950, 2,293 (38%) had blood slides taken 
before treatment, which were sent to the unit laboratory for 
examination. Of these slides only 71 (3.1%) were found to 
be positive for malaria. This suggests that many notified 
cases were not in fact malaria, but represented other forms of 
fever which, in a tropical country, may be easily confused with 
the disease. 

The epidemic season of 1951 has produced a yet more 
striking reduction in the notification of malaria. Once again 
using 1948 as a basis, notified cases during the first five 
months of 1951 show a 97% reduction. The district of 
Flacq, an area of about 115 square miles with a population of 
50,000, was originally a very grave malarious district. Fur- 
thermore, no antimalarial work had been carried out before 
1948, so that Flacq has made a good experimental area for 
research. Figure 1 demonstrates clearly how remarkable has 
been the reduction in the disease as far as can be judged by 
notifications. The survey of children was carried out in this 
district during February and March 1951. Altogether, 
some 2,400 children of ages between three months and two 
years were examined, and not a single positive case was found. 








Effect of the Campaign on Vital Statistics 


The vital statistics for the island indicate the influence of so 
striking a reduction in malaria on the general health of the 
community. When considering the death-rate for the whole 
colony, it is more reliable to study death-rates from all causes 
(see Table III); the specific rates, such as the malaria mor- 
tality rate, do not represent an accurate index. The total 
death-rates also have the added advantage of reflecting both 
the direct and the indirect effects of the disease, and therefore 
demonstrate more closely the effects of its reduction. 


TABLE Ill. 


DEATH-RATES PER 1,000 MID-YEAR 
POPULATION, 1934-50 





Range: 36.1-20.| 
1934-48 x. ; { Meas : 27.2 + 3.37 
1949 16.6 


i990 . sti‘ 13.9 





The infant mortality has similarly undergone a significant 
reduction on the previous years as can be seen in Table IV. 
Improved health services, antenatal clinics, good years for the 
sugar crop, and other factors, have undoubtedly contributed 
considerably to these reductions in mortality, but the virtual 
suppression of malaria must have played an important part 
in the process. 


TABLE IV. INFANT MORTALITY PER 1,000 LIVE 
BIRTHS, 1934-50 





{ Range: 188.0-113.9 


1934-48 . | Mean: 150.0 + 19.2 
949 wk, 91.0 
— 76.4 





The birth-rate for the colony rose to 46.2 per 1,000 in 1949 
and again to the high figure of 51.0 in 1950. Considering 
this fact with the reductions in death-rates mentioned above, 
it can be appreciated that a grave population problem may 
arise in the not too distant future. The rates and population 
trends are given in more detailed form in the annual report 
of the scheme for the year’ 1950 (Dowling, 1951b; see also 
Dowling, 1950, 195la). 


Effect on the Mosquito Population 


Study of the effects of house-spraying on the anopheline 
vectors revealed a very interesting situation. After the arrival 
of the team in Mauritius in November 1948, a careful check 
was maintained on the mosquito population, particularly in 
the adult stage. Some 5,500 houses, scattered evenly through- 
out the island, were selected at random to form catching 
stations. ‘Flitted’ regularly once a month by trained 
mosquito boys, these stations provided some evidence of 
the effect of the residual insecticide on the domestic vector 
species. Total figures for the adult mosquito catch, by 
routine methods and also by regular “‘ massed catching ” by 
district staffs during the interspraying periods, are given in 
Table V. 
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TABLE V. NUMBER OF ADULT MOSQUITOES 
CAUGHT, 1948-50 





Date of Number | Number | Number | Number Total Number 
catch of of of oO number of of 
houses | A. gambiae] A. funestus| Culicines |mosquitoes| vectors 
flitted per house | per house 
Before 
spraying 
1948 . 7,817 | 2,486 113,235 18.8 4.35 
After 
spraying 
1949 .| 32,300 184 


352 | 222,998 6.9 0.02 
a 


1950 .| 66,500 482 50 | 363,701 | 








At the same time, a continuous survey of anopheline 
breeding-places was carried out by whole-time skilled per- 
sonnel. Review of the entomological data after the summer 
of 1950 revealed two facts of significance. First, A. funestus 
had been virtually eliminated and, with the exception of two 
small, sparsely populated areas on the coast, this mosquito 
which was previously very common could not be found 
either in adult or larval form. In this connexion, it is of 
interest to note that, during the six-month period from De- 
cember 1950 to May 1951, no specimen of this species has been 
discovered in spite of intensive searching. A similar effect 
has been observed on Aédes aegypti. 

The second point of interest was that A. gambiae, although 
apparently considerably reduced in numbers by residual 
spraying (98% reduction was achieved in 1950, according to 
the figures obtained ftom adult catches in houses), was 
actually to be found breeding in large numbers throughout 
the coastal region in March and April 1950. In the course of 
a number of observations carried out in the same period to 
investigate this problem, it was shown that A. gambiae was to 
be found without difficulty in new, unsprayed houses and 
cowsheds (as many as 98 A. gambiae adults were found in a 
house and 306 in a cowshed), while the adjoining sprayed 
houses remained negative both to day and night catching. 
Unfortunately, owing to lack of skilled personnel, it was not 
found possible to carry out more detailed research into the 
exact behaviour of A. gambiae, under the conditions prevailing 
in Mauritius. This question is at present being investigated 
by an experienced entomologist, and the results may throw 
new light on the situation. 

The problem which faced the organization at the end of the 
summer of 1950 was, therefore, briefly as follows. Residual 
spraying with DDT as a single measure was sufficient, under 
the conditions obtaining in Mauritius, to reduce both the 
disease malaria and its chief vector, A. funestus, to a very low 
level. The second vector mosquito, however, A. gambiae, 
although not apparently transmitting malaria to any extent, 
had shown itself capable of evading the lethal effect of the 
insecticide. It was therefore decided that measures addi- 
tional to house-spraying should be undertaken in an attempt 
at species eradication of A. gambiae, and accordingly the 
second phase of the scheme was entered upon in October 1950. 

In Mauritius, the winter season is relatively dry and, from 
September until the middle of December, the breeding of 
A. gambiae is almost entirely restricted to permanent breeding- 
places along the coast. The plan was to carry out wholesale 
larviciding with Shell Malariol High Spread, in the first 
instance indiscriminately; and to follow this up by constant 
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and detailed weekly checking, combined with ‘ spot oiling’ 
in the places where vector larvae were discovered. It was 
hoped by this means to train personnel during the dry months, 
at the same time diminishing considerably the population of 
A. gambiae during its most vulnerable period, so that it would 
be possible for the organization to cope with the great increase 
in work brought about by the advent of the rains in January. 
The district of Flacq, previously mentioned as a good experi- 
mental area, especially in that it possessed good natural 
boundaries which would help to prevent anophelines from 
infiltrating from untreated areas, was selected for a * pilot’ 
larviciding scheme. If the results in this district proved to be 
satisfactory, it was intended to extend the scheme so as to 
embrace the whole island in the winter of 1951. 

At the end of the first five months of 1951—the epidemic 
season—it was possible to conclude from results in Flacq 
that extension of larviciding on a larger scale would be 
warranted. Not only was breeding of A. gambiae reduced by 
more than 95% (as compared with other untreated areas of a 
similar breeding intensity), but also this mosquito remained 
confined to a narrow coastal strip throughout the summer 
and did not penetrate inland, as it had previously done, 
during the rainy season. Accordingly, practice areas were 
set up in all the other districts for the training of personnel in 
the new methods, and preparations made for the island-wide 
campaign beginning during the dry month of September 1951. 

Future policy must, of course, depend largely upon the 
reaction of A. gambiae to this second form of attack. It is 
intended to repeat the house-spraying, using a DDT formu- 
lation, during the winter months of 1951, and it is hoped that 
the combined effect of the two methods may prove to be a 
potent weapon against this evasive species. Eradication 
once secured, it would of course be possible in an island like 
Mauritius to ensure against the reintroduction of vectors by a 
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careful control of the port and the airfield. It would, how- 
ever, be rash to relax scientific control and vigilance for many 
years, and thus risk leav 1g behind a small, missed pocket of 
breeding which would in time re-establish the transmission of 
the disease. 

During the two and a half years that the scheme has been 
in progress, the total annual cost (including capital expendi- 
ture, running costs, salaries of United Kingdom and local 
personnel, and costs of the laboratories with their equipment) 
has been the equivalent of a little over three shillings per head 
of population in Mauritius. It has been encouraging to see 
how rapidly house-spraying with residual insecticide on a 
large scale can reduce the transmission of malaria in a 
community even when the vectors are as efficient carriers of 
the disease as are A. gambiae and A. funestus. 
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A BRIEF STORY OF ENGLISH 
MALARIA* 


Sir WILLIAM MacARTHUR K.C.B. M.D. F.R.C.P. 
The British Council, London 


During and after the Second World War I was called on to 
treat many persons suffering from recurrences of malaria 
contracted abroad. Some of these patients or their friends 
had the curiosity to ask if there was any likelihood that the 
disease would once more become established in England 
where, in parts, mosquitoes capable of carrying malaria still 
abound. My answer to the question was *‘ No”: I went on 
to explain that a relapsing patient favourably situated might 
chance to infect some of the local mosquitoes, and a few cases 
of malaria result; but the * concentration of contagion ”’, to 
use an old phrase, would fall short of the degree necessary to 
maintain a lasting supply of infected insects, and the imported 
disease accordingly would soon die out. This forecast, 
which did not call for any great gift of prophecy, was borne 
out by events. 

For centuries malaria was firmly established in certain 
endemic centres in England, particularly the Fen country, 
the marshes of the Thames Estuary, the marshes of south- 
east Kent, the low-lying country around Bridgwater (Somer- 
set), and the Ribble district in Lancashire. In London 
itself the Lambeth and Westminster marshes were notorious. 
But not all the malaria that developed in London was con- 
tracted on the spot. The liability of hop-pickers to the infec- 
tion—which often showed itself only in the following spring— 
was well known; and Defoe says that Londoners who go 
shooting in the Essex marshes, “* often return with an Essex 
Ague on their Backs, which they find a heavier Load than the 
Fowls they have shot’’. Some memory of the severity of 
these attacks lingered on, and I once heard a Kentish man 
use the comparison “ as bad as an Essex ague’”’. On being 
questioned he proved to have no very clear idea as to what an 
Essex ague actually was, and explained that he had heard the 
phrase used to indicate something particularly disagreeable, 
though not necessarily limited to any bodily ailment. 

From its permanent homes, every now and again the disease 
spread in epidemic form during very warm summers, especially 
if several such followed in succession. Since the develop- 
ment of the parasite in the mosquito ceases when the tem- 
perature falls below 60° F., the English climate was a heavy 
handicap, and it was only during a relatively long spell of 
hot weather that the infection of insects sufficient to produce 
an epidemic could come about. For example, Sydenham 
describes malaria (“intermittent fever ’’) as pre-eminently 
epidemic in the years 1661-64. The autumnal intermittents, 
he says, had been gaining ground during the past few years. 
They broke out afresh in July 1661—being mainly tertian 
with some quartan—and gathered strength daily: by August 


* Reprinted, with additions, from the Oxford Medical School Gazette, 1951, 3, 
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“they were doing fearful mischief”. The epidemic was 
probably precipitated by the extraordinarily hot summer of 
1661, in which year, says Pepys, the heat lasted on unbroken 
into the winter, which “‘ as to warmth and every other thing 
[is] just as if it were the middle of May or June”’, so that Par- 
liament ordered a fast-day “to pray for more seasonable 
weather”. The whole year, he says, “* hath been a very sickly 
time to this day *—15 January 1662. The last of these ex- 
tensive epidemics occurred in 1858 and 1859, two very hot 
summers, while that of the foregoing year, 1857, had also been 
unusually hot, and the disease invaded many places where for 
years past it had been unknown. It might surprise Lon- 
doners to know that of all the patients treated at St Thomas’s 
Hospital during the decade 1850-60, one in twenty was 
suffering from ague, and in bad years this average figure was 
much exceeded. At least 30 per cent of the patients treated 
at Gravesend hospital about this time were cases of ague, and 
it is stated that nearly every person in the district suffered to 
a greater or a less degree. As late as the 1870's the garrison 
of Tilbury fort was changed every six months, because of the 
prevalence of ague thereabouts. 


Varieties of Malaria 


The variety of malaria most prevalent in England was that 
known as benign tertian—‘‘benign” in contrast to malignant 
tertian of warmer climates, and “ tertian ’’ because in man the 
parasites take 48 hours to mature and burst, thus causing a 
paroxysm, or ague-fit, every third day. Quartan malaria 
was also present but to a less extent on the whole. Here the 
parasites take 72 hours to mature, so that the ague-fit recurs 
every fourth day. The clinical features are otherwise indis- 
tinguishable, but the parasites can easily be differentiated 
under the microscope. The paroxysm, whether tertian or . 
quartan, is made up of three stages—cold shivers, high fever, 
and a sweat—and commonly lasts about six or eight hours. 
Robinson Crusoe’s “* very violent” ague, it may be recalled, 
lasted for seven—‘‘ the Fit held me seven Hours, cold Fit, 
and hot, with faint Sweats after it”. When the lady in 
Hudibras rejects the advances of the Puritan knight, telling 
him that love is fickle, first hot but soon turning cold, she says: 
*°Tis but an Ague that’s reverst, Whose hot fit takes the 
Patient first ’’. Butler could use this metaphor in full con- 
fidence that its point would be appreciated by his readers, so 
familiar was everyone in Stuart times with the successive 
stages of the ague-fit. Today a footnote would be necessary 
to explain its significance to the ordinary English reader. 

Sydenham maintained that English malaria comprised two 
distinct varieties of the disease—the intermittents of spring, 
and those of autumn. He admits that both of these have 
certain characters in common—* Look at the form of their 
accession: it begins with shiverings; heats break out next ; 
sweats carry off the paroxysm ”’. In spite of these similarities, 
however, he was convinced that there was some essential 
difference between the two. They begin, he says, for the 
most part in February and in August, respectively, but may 
be earlier or later, depending on the atmosphere and upon 
the extent of their epidemic character. That is to say, his 
spring intermittents were made up of relapses from the pre- 
ceding year, and his autumnal intermittents represented the 
new infections. He regards spring intermittents as neither 
long nor dangerous; being self-limited they do not require 
Peruvian bark in treatment. ‘“‘ Nor have I ever observed 
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that, during the spring, quotidians have ever occurred: unless 
by laxity of language, we call double tertians or triple quartans 
by that name”. When an autumnal tertian sets in as an 
epidemic, or “‘ when it lays hold of a weakly frame, it is 
never free from danger.” Besides this, it may tyrannize over 
the patient for two or three months—even until the next 
spring. A quartan is more dangerous than a tertian, and is 
also more obstinate. It often lasts until the spring equinox; 
sometimes to the autumn following. Sydenham observed 
the partial immunity set up by an earlier infection: 
Here I must point out that whatever be the age or temperament 
of a patient with a quartan ague, if ever in his whole previous life 
—no matter how long back—he has suffered from it before, a 
second attack will give him but little trouble. After a few fits it 
will go off of its own accord. This is worth knowing. 
But the most striking of Sydenham’s many sage observations 
is his account of the continued fever which, he points out, 
lasts from a few days to more than 14, and commonly ushers 
in intermittent fevers, especially if these are at once autumnal 
and epidemic. He explains that intermittent fevers 
do not perfectly put on their shapes . . . for they imitate con- 
tinued fever so well that it is hard to distinguish them. But the 
violence of the constitution being a little quelled, and its strength 
checked, having thrown off the mask they then openly are seen 
to be intermittents, either tertians or quartans, as indeed they 
were really at first. 
It took about two and a half centuries to demonstrate the 
accuracy of Sydenham’s account, and to disprove the repeated 
charge that here he was really dealing with an admixture of 
diseases. 


Treatment 


Sydenham declares that in the treatment of the quartan 
ague—that opprobrium medicorum, he styles it—nothing 
except the Peruvian bark has any effect; even so, it checks 
rather than conquers the disease, and the fever is likely to 
break out again after a fortnight or three weeks. None the 
less, this breathing-space enables the patient to rally his 
strength. In order to obtain the best result from the bark, 
the fever ought not to be checked too soon, the malady being 
allowed to exhaust itself, in some measure, by its own action. 
The bark is then exhibited, unless the exhausted and debili- 
tated condition of the patient calls for an earlier adoption of 
it. It is instructive to observe that this procedure of Syden- 
ham’s has been advocated by malariologists of today, with 
the object of allowing the patient to build up some degree of 
immunity for himself before specific medication is undertaken. 
Sydenham’s directions for administering the bark are to mix 
one ounce of it with two of the syrup of red roses, of which 
the patient takes a bolus, of the size of a nutmeg, night and 
morning, continuing until the whole confection has been 
taken. This course is repeated once a fortnight, three times. 
He does not appear to have used opium, once a popular 
remedy for ague, especially in the Fens where a brisk trade in 
opium pills was carried on in local shops. This substance 
would at least have helped by relieving the aches and pains 
of the ague-fit, for the official British preparation popularly 
called “‘ Dover’s Powder ”’, and containing opium, has proved 
very effective when given for this purpose. 

Since an observer of Sydenham’s acumen and skill was 
convinced of the specific effect of his Peruvian bark, it is 
evident that in fact he was administering Cinchona, for in 
those times much of the bark in use was inert, being obtained 
from trees of some other kind. In this connexion A. W. 
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Haggis points out that the Herbarium specimen named 
** quinquina”’ in Sir Hans Sloane’s collection is not Cinchona of 
any species, but the shrub called by botanists Iva frutescens— 
which shows the extent of the confusion which then reigned. 

When Defoe visited the Essex marshes in the course of his 
tour through the Eastern counties in 1722, he was told that 
the men bred in that damp part of the world and seasoned to 
the place do pretty well. But they always go into the up- 
lands for a wife, and when these young lasses come out of 
their wholesome native air where they were healthy, fresh and 
clear, into the marshes, among the fogs and damps, they get 
the ague and seldom last above half a year or a year at most. 
Then the men go to the uplands again and fetch another, so 
that it is very frequent to meet with men that have had from 
five or six to fourteen or fifteen wives, “* nay, and some more ”’! 
He was told that in the marshes over against Candy Island, 
there was a farmer then living with the five-and-twentieth 
wife, and that his son, who was about 35 years old, had 
already had about fourteen. This story he had only by 
report, “ tho’ from good Hands too”. In all this there was 
some drawing of the long bow, and Defoe adds that he found 
that one of his informants—a merry fellow who claimed to 
have passed a dozen and a half of wives through his hands— 
had ** Fibb’d a little’. But for all that, says Defoe, the fact 
is certainly true, and he observed for himself this strange 
decay of the female sex, which is well known and easy to be 
inquired into about Fobbing, Curringham, Thundersley, 
Benfleet, Prittlewell, Wakering, Great Stambridge, Cricksea, 
Burnham, Dengy, and other towns of a like situation. Nor 
is it less true that the inhabitants in these places do not hold 
out as in other countries, and very ancient people are seldom 
met with; so that take it one with another, not one-half of 
the inhabitants are natives of the place, ‘‘ for which I appeal 
to any impartial Enquiry, having myself Examin’d into it 
critically in several Places’. On the other hand he asserts 
that the natives of the Fen country, especially those who are 
used to it, live healthy except now and then for an ague which 
they make light of, and there are many ancient people among 
them. 


Other Names of Malaria 


The word “ malaria’, meaning “ bad air”’, is of Italian 
origin and reminds us that the disease was formerly attributed 
to noxious fumes arising from marshy ground. So far as is 
known, the first person to use the word in English was Horace 
Walpole when he was staying in Italy in 1740 under the 
tutelage of Thomas Gray the poet. In one of his letters 
Walpole writes of “‘ A horrid thing called the mal’ aria, which 
comes to Rome every summer and kills one”. The Italian 
interloper became established and largely replaced the older 
“ague’, as well as the more definitive “‘ marsh fever ”’, 
though both these names were common in several of the old 
aguish districts within my own memory. I recollect the case 
of a young army recruit from the Romney Marsh area who 
was stationed in Aldershot about the year 1910. He de- 
veloped a rigor and fever, and was found to be infected with 
malaria. The case stirred up much interest, and many 
medical officers visited the lad in order to hear his story, and 
to seize the happy chance of seeing specimens of the old 
native English parasites under the microscope. The person 
most unconcerned was the patient himself, who could not 
understand the reason for all the excitement, and protested, 
** But it’s only the marsh fever! ” 
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Originally the word “‘ ague”” meant not malaria but any 
acute fever; later it was often specifically applied to typhus, 
sometimes in the more unequivocal form “* the spotted ague ”’. 
The word as it appears in Chaucer’s warning: “ Ye schul 
have a fever terciane, Or an agu,” is interpreted as “* malaria ” 
by that august authority, The Oxford English dictionary. 1 
think that this is a mistake, for in medical texts even of a 
century later, “‘ tertian fever” and “‘ ague ”’ are dealt with in 
different sections of the work and regarded as distinct diseases. 
Moreover, Chaucer’s wording indicates two contrasted and 
alternative maladies. In Shakespeare’s day the older and the 
newer meanings of *‘ ague ” overlapped, and the poet usually 
employs the word for malaria literally, and also metaphoric- 
ally as in ** the ague-fit of fear”’. Once, however, he reverts 
to the older usage and applies it to typhus, a pestilence par- 
ticularly associated with famine and war. This is when 
Macbeth says of the force encamped before his castle : 
** Here let them lie, Till famine and the ague eat them up ”’. 
The poet must have heard of many an army, first prostrated 
by famine and then devoured by the spotted ague. 

** Ague ” in this sense survived in Ireland until a much 
later date. The “Irish ague” that paralysed Cromwell’s 
army in Ireland in the winter of 1649 was typhus. Buchan 
in his Oliver Cromwell went sadly astray here. He confounded 
‘**the country-disease ’’ (dysentery) and “‘ the Irish ague ” 
(typhus), and then identified the resulting amalgamation as a 
form of malaria native to Ireland! In justice to this dis- 
tinguished historian, however, I should point out that later 
in his account he identifies the epidemic correctly as typhus, 
though he still imagined that this infection had supervened 
on an initial outbreak of malaria. The belated survival of 
**ague ” in its older sense in Ireland has led to many such 
misinterpretations. There has been further darkening of 
counsel by the former employment in Ireland of the name 
intermittent fever, not for malaria but for relapsing fever, an 
infection also characterized by recurring rigors and bouts of 
fever, the rigors being described in Ireland as “* very severe ”’. 
The term “ shivering fever” (fiabhras criothach), found in 
Irish and Highland Gaelic and interpreted in glossaries as 
malaria, is in my opinion much more likely to have been 
applied in ordinary usage to relapsing fever, a disease far 
more common in both countries than malavia can ever have 
been. In fact, there was little malaria in Ireland at any time. 
Boate, Cromwell’s ‘** Doctor of Physick to the State in 
Ireland’, writing in 1652, says that the quartan ague is 
“utterly unknown” there, and that the tertian ague was 
equally so until a few years back, when somehow it found 
access, and “ at this time some are taken with it, but nothing 
neer so ordinarily as in other Countries”. This freedom 
from the quartan ague, he argues, cannot be due to any 
bodily quality of the Irish people, for he has known several 
of them who on going to England “ have fallen in to Quartan 
Ague, and have so long and as badly been troubled with it, 
as ordinarily any Englishman useth to be.”” The quartan 
ague, he explains, is common in England, ‘‘ and in several 
parts of it doth very much reign at all times.”’ 

One peculiarity of the malaria that flourished in England is 
that in infected persons the parasites tend to lie dormant 
during the winter, later becoming active once more, with the 
result that the approach of early spring is heralded by an 
outbreak of relapses—Sydenham’s spring intermittents, 
already mentioned. The early Anglo-Saxon inhabitants of 
England were familiar with this feature of the disease, and so 
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they called it the /encten ddl, the spring ill. Lencten, spring, 
means literally ‘“* long days ”, and the word, adopted by the 
early Christian missionaries in England, survives today as 
“Lenten” and “Lent”. Ad! was eventually displaced by 
the Norse “ ill”, which we still use, for Norse words had a 
strange cuckoo-like propensity for pushing their English 
equivalents out of the linguistic nest, with the result that 
many of our simple everyday words are Norse in origin. 
The Venerable Bede in his Ecclesiastical history, written in 
Latin, describes the miraculous cure of a long-continued illness 
which he calls merely by the general term febris, fever. It is 
very interesting to see that in the Anglo-Saxon translation of 
this work, attributed to King Alfred, the translator identified 
this malady as malaria, and, instead of employing one of the 
Anglo-Saxon equivalents of “fever”, he boldly replaced 
Bede’s vague word by the specific “* Jencten ddl”’, malaria. 

Malaria in England, unlike plague, typhus, or smallpox, 
never took rank as one of the great killing diseases, although 
it was responsible for many deaths, especially among the old 
and the weakly. ‘* Those that die thus”, says Sydenham, 
** die for the most part during the shaking fit”. Others, he 
explains, who can hardly be called elderly, run less danger of 
being carried off by a paroxysm, but they may find it hard 
to get rid of the fever within a year, and there is danger not 
only of a protracted duration, but of death itself. Sydenham 
knew to what extent these long-continued agues may wear 
down a man’s frame, just as Shakespeare knew it before him. 
Young men, however, can better endure the disease, though 
its recurrences may break out afresh until the next spring or 
summer, even until the next autumn. He has often been 
surprised at infants, for he has seen the tenderest. of them 
struggle against the ague for six months continuously. “I 
have seen them keep their ground against it. I have seen 
them, like so many little Herculeses, triumph over it in their 
cradles.” When the abdominal region, especially in the 
neighbourhood of the spleen, has begun to swell and harden 
** as if the viscera contained some hardened scirrhous matter ”’, 
this is the most favourable prognostic sign in children who 
have long been afflicted with ague: ‘“‘ observe it watch- 
fully ”’. 

The disease retained these characteristics for the next two 
centuries, though eased in some degree by advances in treat- 
ment. For example, the Registrar of Strood, Kent, reported 
in 1857 : 

An unusually hot summer has operated still more to make the 
marshes and adjacent districts intensely unhealthy. Many 
deaths have been registered from intermittent fever directly or 
indirectly. The disease is rarely fatal (under favourable circum- 
stances). The chief mortality is among indigent and debilitated 
persons and their families, who have fallen an easy prey to 
diseases of a general character in consequence of their reduced 
condition. 

Nowadays a malaria infection is unlikely to be missed and 
therefore left untreated, and so many people do not realize 
the gravity which a long-drawn-out malaria may assume, 
especially if it occurs in conjunction with another disease. I 
have seen a patient in England brought to the gates of death— 
his family summoned to see the last of him—by tertian malaria 
which for months had gone on unrecognized because all its 
symptoms were attributed to an internal septic condition— 
one itself likely to cause rigors and sweats—from which he 
was also suffering. In earlier times before Peruvian bark was 
introduced, or when the dosage given was too small, or the 
bark itself of some inert variety, there must have been many 
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deaths from ague combined with some other disease, from 
either of which alone, the subject might well have recovered. 

Ague affected many historical and famous personages in a 
degree less or more grievous. James I and Oliver Cromwell 
are declared by their contemporaries to have died of it ; they 
were elderly, ailing, and tired men, just the type that Sydenham 
found so ready to succumb to a superadded ague. James’s 
daughter Elizabeth—called for her beauty and charm ‘“* The 
Queen of Hearts ”, the subject of the famous lyric beginning : 
““'You meaner beauties of the night ’—is known to have 
suffered from over thirty paroxysms of the disease in succes- 
sion, an affliction that must have reduced her to a sad state of 
debility and exhaustion. Milton suffered severely while at 
Cambridge. Repeated attacks undermined Nelson’s health 
in his youth. When Sir Walter Ralegh! lay in the Tower 
awaiting the fatal day, recurrences of malaria troubled him 
sorely, and just before the grim procession set out for the 
place of execution, he prayed fervently to God that he might 
not be seized with an ague-fit on the scaffold, lest his enemies 
should proclaim that he had met his death, shivering with 
fear. 


Its Decline in the Nineteenth Century 


The decline in the incidence of English malaria was brought 
about by an accumulation of causes working together. The 
drainage and reclamation of swampy land reduced the mos- 
quito density in many parts, but several other factors were 
also actively operative. The effective carrier in England is 
an anopheline subspecies, Anopheles maculipennis atroparvus. 
This is a zoophilic insect, that is, it prefers the blood of 
animals to that of man. The introduction of new root crops 
and better methods of farming enabled animals to be fed 
throughout the winter instead of being killed off in large 
numbers as before. This improvement was still continuing 
in the early part of the nineteenth century, and beasts in- 
creased in numbers as well as in size. The occupants of the 
stables, byres and pigsties were a greater attraction to the 
mosquitoes than the human beings in the houses nearby, and 
in this way a kind of protective barrier was set up. Today 
anyone wishing to collect this anopheline would hunt for the 


1 Originally Sir Walter spelt his surname “‘ Rauley”, and ‘‘ Rauleygh”’, 
Finally he adopted the form “‘ Ralegh”, keeping to this consistently until his 
death nearly forty years later. The popular spelling of today, ‘‘ Raleigh ”’, he 
never used. Whatever the spelling, the first syllable was pronounced ‘‘Raw—’ 
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insect in pigsties and the like, rather than in the neighbouring 
farmhouse. Improvements in house construction must have 
played some part too; thus, in a small old-fashioned house in 
Kent, with many dark corners and recesses, I have seen a 
number of resting anophelines, while at the same time in a 
modern house alongside, with bright and well-ventilated 
rooms, I could find none. The replacement of Cinchona 
bark by the more effective quinine—isolated in 1820—and a 
subsequent fall in the price of the latter, would have had some 
effect in reducing the source of infection of mosquitoes. 
Upwards of thirty years ago, elderly people in what was 
formerly an aguish part of Kent described to me how it was 
once a part of their routine to visit the nearest town or village 
to obtain a supply of quinine to treat themselves for marsh 
fever. 

These influences—and probably others—working in con- 
junction, by degrees brought about a state of affairs in which 
the number of new human infections failed to keep pace with 
the number of cures, natural or medicinal, and the chance that 
a mosquito might become successfully infected grew less and 
less—a double process of attrition for the unhappy parasites 
struggling to secure the survival of their race. 

The resulting recession of malaria took place over a long 
period, being especially noticeable from about 1800 onwards, 
and although the disease still maintained itself in its head 
endemic centres, in many parts elsewhere it became rare or 
disappeared altogether. This is borne out in numerous re- 
ports furnished by doctors and others, and collected by 
Nuttall. Thus, for Kirkham (Lancashire) “ [I] saw much 
ague prior to 1831, having sometimes 40 cases at one time ”’; 
Selby (Yorkshire), “‘ [Ague] severe and frequent especially in 
surrounding villages about 1823”; Christchurch (Hamp- 
shire), ‘‘ Much ague in 1827-1830”; St Ives (Huntingdon- 
shire), ‘‘ Saw a good deal of ague about 1834, scarcely any 
during next decade.” And so forth. After the year 1860, 
the decline of the disease became much accelerated, and it 
was steadily routed out of its ancient strongholds, so that 
today the old English brand of malaria appears to be wholly 
extinct, even in those parts where once it did ‘‘ very much 
reign at all times’’. 

King Alfred’s /encten ddl, Shakespeare’s ague that makes 
men lean, the febris intermittens of the learned Sydenham, 
and the marsh fever of simple English folk—what a long 
eventful story lies behind these names! 
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The following note, though based mainly on a single English 
hospital region having a population of nearly 3,000,000, is 
illustrative of the great development of the consultant service 
throughout England and Wales during the first three years of 
the National Health Service. Though progress is at present 
slowed, there has been a tremendous general advance in the 
specialist service and a great advance in many other aspects 
of the hospital service available to patients since 1948. 

A survey of all the hospitals in this region taken over by 
the Regional Hospital Board in July 1948 disclosed a serious 
shortage of hospital accommodation and marked inequalities 
in staffing, equipment and buildings. Some parts of the 
region had fairly adequate numbers of hospital beds; none 
had adequate out-patient departments; most x-ray depart- 
ments and pathological laboratories were inadequate. The 
shortage of hospital accommodation for tuberculosis, mental 
illness and mental deficiency was very grave. In structure 
and equipment a few hospitals were first-class, some were 
good, many bad, a few disgraceful. Inequalities of medical, 
nursing, and other staff were almost as great. 


Expansion of Services and Control of Expenditure 


It was recognized that it would take many years to improve 
and extend hospital accommodation to the required standard. 
But improvement of equipment, particularly furnishings for 
the comfort of patients and staff, could be dealt with on a 
large scale within a few years; and, most important of all, 
hospital staffing could also be improved immeasurably within 
that time. Plans were laid accordingly by the Regional 
Hospital Board and by the Hospital Management Committees. 
Though quality and quantity in a hospital service are both 
largely purchasable, final quality must depend on many 
other things besides money. In the region now used as an 
illustration, the time given by doctors in Regional Hospital 
Board hospitals—much of it, of course, formerly unpaid— 
was equivalent, at July 1948, to an annual expenditure, based 
on present national salary scales, of about £550,000 for a 
population of 2,750,000. By June 1951 the expenditure on 
specialists and registrars was about £1,100,000 per annum. 

It is of considerable interest that among all the items which 
go to swell the budget of a Regional Hospital Board, one of the 
easiest to estimate accurately is the direct cost of the specialist 
staff. For specialist salary scales are fixed on fairly generous 
lines and are not likely to be altered in the near future. The 
indirect cost of an improved specialist staff, through its de- 
mands—often, but not always legitimate—for better feeding 
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of patients, improved equipment, greater use of pathological 
and x-ray departments and so on, is, however, a very im- 
portant factor in raising hospital costs. Indeed one of the 
main needs of hospitals in the National Health Service is the 
development in the expanded specialist staff of an adminis- 
trative conscience in money matters which will take the place 
of the former control of the medical administrator in the 
municipal hospital service, or of the medical committee which 
worked so efficiently in many voluntary hospitals. For 
there are many features of hospital expenditure which neither 
lay administrator nor hospital management committee can 
control adequately Without medical guidance and help. The 
rapid expansion within three years of the specialist and 
registrar staffs, from about 35 per cent to about 70 per cent 
of that required for a first-class hospital service, has naturally 
brought with it, in marked degree, this problem of medical 
guidance and control of hospital expenditure ; it would be too 
much to expect that a complete answer could have been found 
already in all hospitals, but the recent cuts in money allocation 
have caused the problem to be faced by the specialist staff in 
a way not known since July 1948. 

The doubling of the specialist service within three years is 
a remarkable achievement and it has depended mainly on 
three things: (i) The numbers of specialists available ; owing 
to their special medical experience on war service—experience 
often under-estimated—and to the specialist training schemes 
initiated at the end of the war, large numbers of well-trained 
young specialists were available to compete for newly autho- 
rized posts. (ii) The regional organization made it possible, 
for the first time in hospital history, to make and implement 
decisions about medical establishments on broad lines applic- 
able fairly and justly throughout the region, making whatever 
local modifications local circumstances warranted: (iii) The 
Regional Hospital Board recognized its opportunity for rapid 
and good development of the specialist service and gave 
favourable consideration to most of the recommendations 
of its Medical Establishment Review Committee. It is only 
fair to remember the valuable lessons and examples available 
in the history of the development of hospital and specialist 
services by a few progressive county councils and county 
borough councils between 1929 and 1948, especially between 
1931 and 1938—a development scarcely equalled yet by any 
Regional Hospital Board. Also, the lessons of the achieve- 
ments and the mistakes of the local health authority, the 
voluntary hospital, and the Emergency Medical Service 
hospital services prior to 1948 were well known to many 
members and officers of the Regional Hospital Boards and 
of the Hospital Management Committees. 

So far as the development of the consultant service within 
the National Health Service was concerned, they had been 
put into admirable form by the Ministry of Health in its 
famous brown booklet, R.H.B. (48) 1, issued in revised form 
as a blue booklet, The development of consultant services.” 


Local Clinical Units and Resident Specialists 


On the whole the teaching hospitals were adequately staffed 
with specialists and registrars prior to July 1948, and so the 
call for expansion of their consultant service was relatively 
small compared with that for most of the hospitals under 
the Regional Hospital Board. In addition, of course, the 


1 Hospitals supported mainly by voluntary contributions. 
* For particulars, see p. 106. 
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teaching hospitals deal with a relatively small, though most 
important, part of the total hospital accommodation of the 
country. 

The main part of the development of the consultant service 
therefore lay with the Regional Hospital Board. That task 
may be summarized by saying that the objective was to pro- 
vide, throughout every part of the region, a locally resident 
staff of specialists adequate in number and quality to give to 
patients a standard of service as near as possible to the best 
teaching hospital standards. It would be a sad day for 
English medicine if the teaching hospitals lost their pre- 
eminence as the goal for the best consultants. But there are 
many examples in former municipal hospitals of clinicians 
who provide specialist care equal to that of the teaching 
hospitals. 


In a few specialties—thoracic surgery, neurosurgery, plastic . 


surgery and radiotherapy—comparatively few clinical units 
will suffice for the needs of the region. But for the great bulk 
of hospital work the objective must be a local clinical unit with 
locally resident specialists. With this objective in view the 
Regional Hospital Board adopted a five-year plan for the 
development of its consultant service. It reviewed its existing 
resources in buildings and equipment and their probable 
favourable development over that period. Then, after con- 
sultation with each Hospital Management Committee, it 
authorized an establishment of specialists and registrars which 
would be reached in stages over the five-year period. Fortu- 
nately the Board did not delay beginning expansion of specialist 
staff until the plan was worked out in all detail, but proceeded 
rapidly with the appointment of the most urgently needed 
specialists. 

A main feature of the establishment scheme was the arrange- 
ment of specialists and registrars in teams, comprising, for 
example, a senior physician of consultant status, an assistant 
physician of consultant status, a registrar and several house 
officers dealing with a clinical unit of about 100 beds for acute 
cases and 50 for medical cases requiring lengthy hospital 
treatment. Consultants were given the option of whole-time 
or maximum part-time employment, and most of them chose 
the latter. 


Teaching Hospitals and Regional Hospital Boards 


In many instances the teaching hospital and the Regional 
Hospital Board agreed that consultants should have a con- 
tract for part-time appointments with both of them, the two 
contracts totalling nine or eleven half-days per week. Where 
consultants attended, say, for seven sessions at the teaching 
hospital and two at the Regional Board hospital, the former 
would be regarded as his main appointment. 

This association between teaching hospital and Regional 
Hospital Board hospitals for consultant staff has several 
interesting advantages. It may raise the standard of the 
clinical work of the consultants concerned by keeping them 
in touch with a wider variety of clinical experience and with 
a larger number of colleagues, medical and other. It may 
well foster a close association between teaching hospital and 
Regional Board hospitals more effectively, perhaps, than 
liaison committees, though the latter have their own important 
place. It should improve the recruiting ground for consultant 
posts in both types of hospital, particularly in the teaching 
hospitals. Also it should play a most important: part in the 
organization of clinical teaching of medical students in suitable 
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Regional Board hospitals situated within reasonable distance 
of the teaching hospital, thus making better use of a great 
source of first-class clinical teaching material not fully used in 
past years ; and it should facilitate the organization for medi- 
cal students of vacation resident appointments in Regional 
Board hospitals both near to and distant from the teaching 
hospital. In addition to the importance of such develop- 
ments in clinical training, the advantage for medical students 
of obtaining first-hand experience of the organization of 
hospitals outside the teaching hospital is itself great. 


Consultants Required for a Full Service 


Having referred above to the field of recruitment for con- 
sultants, it may be worth while to give some general figures 
of the numbers of consultants required for a full service, taking 
a population of 1,000,000 as a suitable unit for this purpose. 
The number of consultants, including teaching hospital staff, 
for such a population of 1,000,000 is about 240 in terms of 
whole-time consultants or maximum part-time consultants, 
that is, those holding a contract for nine half-days per week. 
The figure of 240 is of course only approximate, and is made 
up as follows : 


General physicians 30 Ear, nose and_ throat 
General surgeons 30 surgeons 
Obstetricians and gynae- Infectious diseases phys- 
cologists 0 icians 6 
Paediatricians 5 Neurologists 2 
Pathologists 15  Neurosurgeons 2 
Psychiatrists 20 Ophthalmologists 10 
Anaesthetists 25 Physical medicine specialists 6 
Cardiologist 1 Plastic surgeons 2 
Dentists 3 Diagnostic radiologists 20 
Dermatologists 3 Radiotherapists 2 
Chest physicians 15 Orthopaedic surgeons 10 
Thoracic surgeons 2  Venereal disease specialists 8 


The writer has found it quite impossible, in calculation 
of numbers of corsultants required, to make any effective 
difference between whole-time and maximum part-time 
workers and he doubts whether it is really possible for anyone 
to estimate the consultant needs of a given population and a 
given amount of hospital accommodation with the detailed 
accuracy necessary for such differentiation. Of course, many 
consultants, both whole-time and part-time, are working far 
longer hours than could be demanded under any official 
contract, and are doing so for the usual admirable motive that 
they are interested in their patients and in their work. More- 
over, no attempt to employ this full consultant staff ought to 
be made except in areas where full facilities in accommodation, 
equipment and other staff are available. 

The building up to such numbers of specialists must now 
properly be a much slower process than was the rapid ex- 
pansion of the first three years of the National Health Service, 
though not so slow as present financial restrictions compel it 
to be. In view of the unnecessarily depressing statements 
which have circulated concerning the degree of the hold-up in 
the development of the hospital service in 1951, it is important 
to state that even now considerable additions are being made 
to the consultant staff, though many fewer than in the first 
three years. Quite apart from such financial restrictions the 
pool of well-trained young specialists with long war service to 
their credit has been greatly reduced, though by no means 
completely drained, and a slower rate of growth of the con- 
sultant staff may well be a good thing in itself during the next 
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five or ten years in order to ensure that the quality of doctor 
attaining consultant rank in that period keeps up to the neces- 
sary high standard. 


The Future for Registrars and Consultants 

A burning topic among hospital medical staffs in the third 
year of the National Health Service in Great Britain has 
naturally been the proposed reduction of posts of senior 
registrars and registrars to numbers in reasonable agreement 
with the prospective vacancies for consultants. The calcula- 
tion of the total number depends largely on the average 
number of years required by the trainee consultant as a 
registrar and as a senior registrar, the periods suggested by 
the Ministry of Health being respectively two and three years. 
Most people agree that once a doctor has attained senior 
registrar grade he should have reasonable certainty that if he 
keeps his health and vigour he will attain consultant rank and 
obtain a consultant post. Some, including all the fourteen 
Senior Administrative Medical Officers in England and Wales, 
feel strongly however that, apart from exceptionally brilliant 
men, three years is much too short an average period for a 
senior registrar and two years perhaps on the short side as an 
average period for a registrar; and that most of the doctors 
attaining consultant rank and obtaining consultant posts 
should do so only after four or five years, or even longer, as 
senior registrars and in many instances more than two years 
as registrars. Indeed it is probable that in future the com- 
petition for senior registrar posts will be so strong that the 
successful candidates will all have taken their appropriate 
higher qualifications before entering upon the senior registrar 
grade; trainee specialists, therefore, may well be content 
to have the opportunity of more than two years in the regis- 
trar grade to make sure they are over the hurdle of higher 
examinations. 
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Too much emphasis has perhaps been laid on the purely 
“* training aspect ” of the registrar and senior registrar posts 
as preparation for consultant rank, and too little on the other 
aspect—that the best way to train is to carry out the corre- 
sponding type of work under guidance and that a large pro- 
portion of the more senior work in hospitals has been carried 
out in the past, and is still being carried out, by able registrars 
and senior registrars, learning under an apprenticeship system 
of the very highest type. 

If the number of registrars and senior registrars is to be 
reduced, and if the care of patients is to be maintained at its 
present level, it must be remembered that it will have to be 
given by doctors of at least equivalent ability and seniority. 
This can be done in two ways. The first is to increase the 
number of consultants, replacing a senior registrar post, for 
instance, by an additional consultant post. In many hospitals 
this will be the correct procedure. But the Senior Administra- 
tive Medical Officers are unanimous in their opinion that it 
would also be desirable to have a new grade, under some such 
name as “ first assistant”, for doctors holding permanent 
posts at salaries intermediate between those of senior registrar 
and consultant. In those hospitals deprived of senior regis- 
trars and registrars, these would carry out work which should 
be done at as high a level as in the past, rather than have it 
relegated to house officers. Such a grade should be instituted 
for all specialties and the present grade of senior hospital 
medical officer, employed in a limited number of specialties 
which thereby tend to be branded unfairly as inferior special- 
ties, should be eliminated. It would be necessary to safe- 
guard that such a new grade is not used as a cheap way to 
diminish the number of consultant posts, but I suggest that 
it would be a very useful grade and that it would be a wise 
thing in the end if the average age for attainment of consultant 
rank was nearer thirty-eight than thirty-two. 
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MEDICAL CONGRESSES 1952 


Biochemistry. Second International Congress of Biochemistry, - 


22-28 July, Paris. Chairman: Doyen René Fabre. Secretary of 
Organizing Committee: Professor Jean Courtois, 4 avenue de 
l’Observatoire, Paris, 6° 


Dentistry. Eleventh International Dental Congress, 19-26 July, 
London. Chairman: Dr E. Wilfred Fish. Honorary Secretary: 
Dr D. Downton, 13 Hill Street, London, W. 1 


Dermatology. Tenth International Congress of Dermatology, 
21-26 July, London. President: Sir Archibald Gray. Secretary- 
General: Dr G. B. Mitchell-Heggs, Institute of Dermatology, St. 
John’s Hospital for Diseases of the Skin, 5 Lisle Street, London, 
W.C. 2 


Electroencephalography. Third International Congress of Elec- 
troencephalography and Clinical Neurophysiology, September, 
Boston. Secretary: Dr Robert S. Schwab, Massachusetts 
General Hospital, Boston 14, Mass. 


Gastroenterology. Third European Congress, 20-26 April, 
Bologna. President: Antonio Gasbarrini. Secretary-General: 
Institute of Clinical Medicine (Policlinico S. Orsola), Bologna 


Haematology. Third Congress of European Society of Haema- 
tology, 3-6 October, Rome. President: Dr Paul Chevallier. 
Secretary-General: Dr Sven Moeschlin, Medical University Clinic, 
Zurich 


Internal Medicine. Second International Congress of Internal 
Medicine, 15-18 September, London. President: Dr W. Russell 
Brain. Secretary : Sir Harold Boldero, Royal College of Physicians, 
12 Pall Mall East, London, S.W. 1 


Legal and Social Medicine. Third International Congress of 
International Academy of Legal and Social Medicine, 15-18 April, 
Berne. President: Professor J. Dettling, Académie Internationale 
de Médecine Légale et de Médecine Sociale, 20 Buhlstrasse, Berne 


Medical Sciences. Symposium on the influence of the hypophysis 
and the adrenal cortex on biological reaction, 30 September— 
3 October, Zurich. President: Professor G. Miescher, 43 Ziirich- 
bergstrasse, Zurich, 44 


Ophthalmology. Fourth Pan-American Congress of Ophthalmo- 
logy, 6-12 January, Mexico City. Secretary-General: Dr Luis 
Bulnes, 1a Gomez Farias, 16, Mexico 4, D.F. 


Paediatrics. Third International Congress for the Education of 
Maladjusted Children, summer, Stockholm. Secretary: Dr B. 
Stokvis, Museumflat, Weteringplantsoen 2, Amsterdam-C 


Pathology. Sixth International Congress of Comparative Patho- 
logy, Ghent. (Date to be fixed.) Chairman: Professor Goor- 
maghtigh. Secretary: Professor J. J. Bouckaert, Denderlaan 3, 
Ghent 


Physical Medicine. International Congress of Physical Medicine, 
July, London. Secretary: British Association of Physical Medi- 
cine, 45 Lincoln’s Inn Fields, London, W.C. 2 


Radiology. First International Congress on Mass Radiology, 
1-3 September, Sondalo, Lombardy. Secretariat: Italian Federa- 
tion for the Control of Tuberculosis, 200 Via Nazionale, Rome 


Stomatology. Twelfth French Congress of Stomatology, 8- 
13 October, Paris. Chairman: Dr René Vincent. Secretary- 
General: Dr Friez, 42 rue Notre-Dame des Champs, Paris, 6° 


Tuberculosis. Third Commonwealth and Empire Health and 
Tuberculosis Conference, 8-13 July, London. Secretariat: 
National Association for the Prevention of Tuberculosis, Tavistock 
House North, Tavistock Square, London, W.C. 1 


Urology. Ninth Congress of the International Society of 
Urology, October, New York. Chairman: Dr George F. Cahill. 
ee Dr John A. Taylor, 2 East 54th Street, New 

ork, N.Y. 
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FESTIVAL OF BRITAIN EXHIBITIONS 


Among a number of medical and scientific exhibitions arranged 
during 1951 in connexion with the Festival of Britain were two 
organized in London by the Wellcome Historical Medical Museum : 
one on the life of prehistoric man in health and sickness aad the 
other dealing with the history of pharmacy. Illustrated catalogues 
of these exhibitions were published, to both of which Dr E. Ash- 
worth Underwood, Director of the Museum, wrote an introduction. 
Notes on these two exhibitions appear below. 


Prehistoric Man in Health and Sickness 


The unusually interesting exhibition, staged at Portman Square, 
illustrating prehistoric man in health and sickness, made forceful 
appeal to a variety of cognate interests, holding as it did something 
of attraction to the anthropologist, the archaeologist, the sociologist 
and the palaeopathologist. Judicious selection from the Museum’s 
wealth of materials displayed in small compass an attractive and 
comprehensive survey of primitive man in relation to his environ- 
ment, reconstructing his life and times in dramatic fashion. The 
term “ primitive ’’ was generously interpreted so that the physical 
structure no less than the cultural backgrounds of both palaean- 
thropic and neanthropic man were included. 

The physical conditions of life confronting our early ancestors, 
the food materials available to them, the techniques, tools and 
weapons they devised to meet their daily requirements, their arts 
and crafts, their magico-religious practices and their remarkable 
artistic accomplishments—these and much else were displayed or 
suggested by an excellent arrangement of the choicest specimens. 
The student of human biology was thus regaled with a wealth of 
evidence touching the earliest human cultures, which not only 
satisfied specific questions but also stimulated reflection and further 
enquiry. 

Medicine proper was specifically represented by exhibits demon- 
strating the antiquity of disease in its traumatic, infective and neo- 
plastic forms, and by others depicting the earliest known thera- 
peutics. Thus could be studied the evolution of the surgical knife 
or the details of cranial trephination, whilst amulets of Aurignacian 
and Magdalenian provenance testified to primitive (and still extant) 
notions regarding the nature of medical disease. Deposits from 
cave-floors, containing food-refuse, bore striking testimony to the 
domestic habits and diet of early man and engendered reflection 
upon sanitation and the incidence of ill-health. 

Altogether the exhibition provided evidence touching almost 
every known aspect of the life of primitive man, and gave the 
greatest satisfaction from its well-planned array of choice prepara- 
tions. It did much to enlarge knowledge and to stimulate thought 
and those who saw it went away with an enhanced respect for the 
pioneer achievements of their more remote forbears. 


A. J. E. Cave 


History of Pharmacy 


The exhibition illustrating the history of pharmacy, presented at 
the Wellcome Research Institution, held much of interest to the 
medical visitor. It was not inappropriate that the opening cere- 
mony should be performed by Sir Howard Florey, who with his 
colleagues of the penicillin research team has exerted so profound 
an influence on the development of contemporary pharmacy. 
Dr E. Ashworth Underwood pointed out that he and his staff had 
interpreted the word ‘ pharmacy” in liberal terms in selecting 
material for display, and certainly the exhibition contained much 
to interest the bibliophile and antiquarian as well as those content 
to collect information for its own sake. 

The visitor who followed out the general chronological scheme of 
the exhibition was reminded that ancient pharmacy was no less 
complicated than that of today, though multiplicity of ingredients 
has given way to complexity of chemical molecules. It is timely, 
too, to recall that though theriaca, with its sixty or more hetero- 
geneous constituents, represented a now outmoded polypharmic 
era, present-day therapeutics is returning to a more rational ex- 
ploitation of drug synergy, as exemplified by the combinations of 
antibiotics and other specific remedies now used to defeat the 
modern bogey of bacterial resistance. 

Much of the display was naturally devoted to pharmaceutical 
apparatus of the past—simpler and more functional in concept and 
construction than most of the products compounded with its aid, 
and fashioned with a degree of artistry which is difficult to emulate 
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in the stark glass-and-steel architecture amid which modern drugs 
are born. The dispensary containers, too, represented the vanished 
ceramic arts of 12th-century Persia, 16th-century Italy and 18th- 
century Holland, in marked contrast to the more prosaic vessels 
from which the 20th-century pharmacist dispenses his tablets, cap- 
sules and other forms of mechanized physic. 

A. L. 


ANTIMALARIA CAMPAIGNS 
A WHO Monograph 


The World Health Organization has recently begun to issue 
a series of interesting monographs on widely differing topics of 
medical importance. This series consists so far of reprints of 
articles which have appeared in the Bulletin of the World Health 
Organization. The language of publication will be either English 
or French, or in some cases there will be separate editions in each 
language. 

The third' of this series (in French only) is written by Dr E. J. 
Pampana, chief of the malaria section of WHO, and is devoted to 
a brief review of malaria control in four continents, carried out in 
the years 1948-50 ; it is restricted to those campaigns only in which 
residual insecticides were the chief weapon. The results of some 
eighteen large-scale antimalaria campaigns are summarized. In 
all more than 61 million inhabitants of the malarious areas treated 
were given direct protection. In nearly every case, the results were 
most gratifying: in Argentina, for example, the number of malaria 
cases notified annually fell from 300,000 to 2,800, and it is reported 
that ** endemic malaria has ceased to be a health and social problem 
in Argentina”. In British Guiana, where 90% of the population 
were protected, the splenic index fell from 71-6°% in 1945 to 4% in 
1948. In almost all areas the spleen and parasite indices fell 
markedly. It is interesting to note that in many districts other 
diseases, such as leishmaniasis, pappataci fever, plague, yellow fever 
and filariasis also disappeared or showed regression. Only four 
European countries, Italy, Greece, Portugal and Yugoslavia, were 
dealt with, but in all, though the results are not yet complete, 
morbidity and mortality rates have shown a marked decline. In 
Greece alone it is estimated that in three years some 19,000 human 
lives and 80,000,000 working days were saved. 

This survey presents a valuable summary of work accomplished 
and one can only echo the words of the executive council of WHO 
—that the publication of this monograph will “* encourager les 
administrations sanitaires des pays impaludés 4 proposer et a 
exécuter, dans leur pays, des campagnes du genre de celles qui sont 
décrites ici” 

[A detailed account of the antimalarial campaign in Mauritius 
is given by Dr M. A. C. Dowling on page 72 of this Bulletin.) 


HEALTH IN THE TROPICS 


An increasing number of Europeans nowadays have to live in 
tropical countries or go there on tours of duty. The memory of 
the ominous phrase “ the white man’s grave ” still lingers in spite 
of the great progress made in the ijast decades in the improvement 
of conditions in hot countries. For those who want some simple 
advice on how to maintain personal health in those countries, two 
small booklets which have come to hand should prove useful. 

The first, The care of babies and young children in the tropics, 
will do much to allay the anxieties of parents ‘* ordered south ” 
It has been prepared for the National Association of Maternity 
and Child Welfare by Dr John Gibbens, and its 15 pages contain 
invaluable advice on clothing, food, prevention of infection, care of 
the skin, sleep, play hours, etc., written in the simplest and most 
direct language. It should furnish most useful guidance to mothers 
of young children living in the tropics and its price, one shilling, is 
within the reach of all. 

The second handbook, Preservation of personal health in warm 
climates,‘ is by Dr Ford Tredre, deputy director of the Ross Institute 
of Tropical Hygiene, London. It replaces the earlier handbook 
by Cuthbert Christy and has been entirely rewritten and includes 
much new material. Dr Tredre has had long experience of both 
residence and travelling in the tropics and this authoritative hand- 
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book should be of real value, particularly to those going there for 
the first time. Following the opening sections on the principal 
diseases and risks to health in the tropics and on personal hygiene, 
there are chapters on insects of medical importance (with excellent 
illustrations on art paper), modern insecticides, prevention of 
malaria, and a useful chapter on prophylactic inoculations against 
the main diseases affecting international travel. A short note on 
the history and aims of the Ross Institute and an adequate index 
complete this informative and useful handbook. 


MALARIA CONTROL IN TURKEY 


A short monograph, Tiirkiyede Sitma Savasi (Malaria control in 
Turkey), has been published in Ankara by the Turkish government 
(T. C. Saglik Ve Sosyal Yardim Bakanligi Yayinlarindan, No. 143). 
It is printed in Turkish with an English translation and gives an 
account of the efforts made by the government to reduce the in- 
cidence of malaria in that country. In 1925 the government began 
to carry out a programme of creating ‘** malaria control areas ” 
each under the supervision of a malariologist assisted by “‘ malaria 
control ’’ workers. Now, three-quarters of the country is covered 
in this way. Control measures include the distribution of drugs, 
the spraying of dwellings and other breeding-places of mosquitoes 
with DDT, and the drainage of pools and marshes. The mono- 
graph includes 26 pages of photographs showing land reclamation 
and drainage, and DDT spraying being carried out. 


ACARI, TRANSMITTERS OF TYPHUS 


The British Museum (Natural History) has recently re-issued a 
pamphlet! by Dr Susan Finnegan, first published in 1945, on the 
Acari, which comprise the mites and ticks, as agents transmitting 
typhus in India, Australasia and the Far East. There are chapters 
on the mite-borne and tick-borne rickettsial infections, preventive 
measures, and geographical distribution. The pamphlet is illus- 
trated, and should prove useful to medical officers and others in 
countries where the disease is prevalent. 


WORLD HEALTH ORGANIZATION 
STATISTICAL PUBLICATION 


The World Health Organization have recently published Part I 
of the Annual epidemiological and vital statistics, 1939-1946 
(Geneva, 1951). Part I deals with vital statistics and causes of 
death; part II, containing corrected statistics of notifiable diseases, 
is expected to follow shortly. Information is supplied, in respect 
of a large number of countries, on total area, the latest census 
results, estimated population, nuptiality, fertility, birth-rates and 
death-rates. This publication is a continuation of the Annual 
epidemiological report issued by the Health Organisation of the 
League of Nations since 1923, the last volume of which contained 
statistics for 1938. As far as possible, continuity of statistical 
series has been achieved. The price of this volume is 16 Sw. fr. 
or £1. 


STUDY ABROAD 


Opportunities for study and training in foreign countries, through 
fellowships or apprenticeships, are surveyed in a handbook, Study 
abroad, published by the United Nations Educational, Scientific 
and Cultural Organization (UNESCO, Paris). Volume III, 1950, 
reports primarily on opportunities available for 1950-51, ‘but in 
very many cases indications are given that similar awards will be 
available in subsequent years. In addition to fellowships donated 
by the United Nations and its specialized agencies are those donated 
by a number of international non-governmental organizations and 
by some 60 different countries. 

The field of medical science is one of a number of fields of study 
which are listed in the handbook and it is noted that a continually- 
developing programme of fellowships is considered to be one of the 
long-term activities of the World Health Organization. Ina section 
summarizing the 1949-50 programme it is mentioned that over 1,200 
fellowships in medical science were offered for that period. Full 
details are given as to the field of study in which fellowships are 
available, by whom and where they are tenable, their value, their 
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duration and the addresses to which application should be made. 
It is emphasized that an essential condition attaching to the 
majority of awards is that the applicant should have a fluent 
knowledge of the language of the country in which he intends to 
study or work. 


UNESCO COUPON SCHEME 


The UNESCO coupon scheme is designed to overcome currency 
barriers by providing an international coupon which may be used 
for the purchase of publications, films and other scientific material. 
A person living in a country where the scheme is in operation and 
wishing to buy, for example, a book published in a foreign country, 
may buy UNESCO coupons for the value of the book he needs, 
pay for them in his own currency, and send them to the foreign 
bookseller who will send him the book. UNESCO has recently 
issued a new comprehensive coupon, which will replace the older 
type of “book”, “film” and “ scientific material” coupons. 
The validity of all coupons of the older type still in circulation has 
been extended for an indefinite period. The new coupons, known 
simply as “*‘ UNESCO coupons ”’, have so far been printed only in 
denominations of $1, $2, $20, but other denominations will be 
issued as it becomes necessary. Specimen copies of the new 
coupons may be obtained on request to the UNESCO Coupon 
Office, 19 avenue Kléber, Paris, 16°. 


NURSING AS A CAREER 


The purpose of A guide to professional nursing‘ is to provide 
information on all aspects of nursing as a career, including mid- 
wifery and the professions allied to nursing. It gives details of the 
educational qualifications which are necessary, the preparation and 
training for all types of nursing, and the opportunities which are 
available to trained workers. One section of the book is devoted 
to public health nursing, including health visiting and industrial 
nursing, and another section deals with allied services such as 
physiotherapy, dietetics and medical laboratory technology. The 
provisions of the National Health Service as it affects the nursing 
service are outlined, and the various professional organizations— 
international, national and voluntary—which offer membership to 
qualified nurses are described. Advice is given to nurses and mid- 
wives who wish to work abroad. Appendices give a comprehensive 
list of books of interest to nurses, and of addresses which are likely 
to be useful to those seeking advice or information on professional 
matters. The author is Principal Nursing Officer to the Ministry of 
Labour and National Service, and in writing this book she has had 
in mind all who advise young people on careers, nurses who seek 
post-certificate information, and those in other countries who wish 
to learn of nursing in Great Britain. 


AN ENGLISH-GERMAN MEDICAL DICTIONARY 


With the appearance of each new bilingual medical dictionary 
one hopes that, at last, the long-awaited perfect work has been 
published: so far, one has been disappointed. In this English- 
German medical dictionary! the compiler’s aim was to produce 
a dictionary containing all the main words, technical and non- 
technical, likely to be needed in translating medical works, and to 
give illustrative phrases to help in choosing the right word froma 
set of synonyms. To achieve this aim he included all the main 
words found in some 30,000 pages of Anglo-American medical 
literature. In practice, this method of selecting words has not 
proved ideal. The various translations of each word are placed in 
alphabetical order, with the rather confusing result that the 
commonest and most literal meaning may be buried among a 
collection of special and figurative uses. It is a great pity that the 
compiler had no native English-speaking collaborator; there are 
some directly misleading translations, which might make the dic- 
tionary dangerous to anyone who is not thoroughly familiar with 
both English and German. ik te 
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LEWIS’S MEDICAL, SCIENTIFIC AND TECHNICAL 
LENDING LIBRARY 


The publication of a new edition of Lewis’s lending library 
Catalogue’ is a noteworthy event. The present edition lists some 
27,000 titles of books published up to the end of 1949, mainly in 
the field of medicine and science but also on a wide range of 
technical subjects. Only books in English and only the last 
published editions are included. 

All the works listed are available for loan both to individual 
subscribers and to institutions. A single subscription entitles the 
borrower to the loan of one volume for an indefinite period, but 
books can be exchanged as frequently as desired. Duplicate copies 
of all works in great demand are kept in the library—the total stock 
is over 90,000 volumes—and libraries and other subscribing insti- 
tutions having multiple subscriptions are allowed duplicate copies. 
The annual subscription is £1 5s. for a single volume, but rates are 
proportionately much less for a large number of volumes. Sub- 
scribers abroad are required to pay, in addition to the subscription, 
a deposit amounting to half the annual subscription. 

This bald statement of the service provided by ‘* Lewis’s ” gives 
little idea of the value of the catalogue. The entries are arranged 
alphabetically by author and give the title, format, date and price 
of each work. But there is also a classified index of subjects with 
names of authors who have written upon them. Bimonthly lists 
of new books and new editions are issued to subscribers. The 
catalogue is thus of use not only to subscribers wishing to know 
what books are included in the library, but also to libraries in 
general as a source of bibliographical information. 


Both the catalogue and the library have become an integral part 
of the scientific library service of Great Britain. The largest 
medical libraries have annual subscriptions for hundreds of volumes : 
the individual medical auxiliary has his subscription for one. By 
both alike, and by all intermediate categories of subscribers, any 
curtailment of Lewis’s lending library service would be reckoned 
a major disaster. 

B. T.R. 


LIBRARIES OF THE INSTITUT PASTEUR, PARIS 


The first printed catalogue from the Institut Pasteur libraries was 
issued in 1945, immediately after the Second World War; it con- 
sisted of a list of the periodicals then contained in these libraries 
and comprised 1,100 titles of journals from all countries and in all 
languages. Since that date, the many changes in scientific and 
medical periodical literature—some journals have ceased publica- 
tion, while many new ones have come into being—have been duly 
reflected on the shelves of these libraries and a new list has therefore 
become necessary. The present catalogue (Bibliothéques de 
l'Institut Pasteur: catalogue des périodiques et des congrés, Paris, 
1951), comprising about 1,700 periodicals, as well as a list of the 
national and international congresses possessed by the Institut 
Pasteur, is the result. The periodicals are listed alphabetically and 
the congresses by subject (in alphabetical order) and date. The 
entries are simple and brief but appear to contain all essential 
information. For the periodicals, they consist of: title, place of 
publication, year and volume number at which the collection begins, 
and, if the periodical is no longer received, the year and volume 
number at which it finishes. In the case of the congresses, each 
entry gives: year, place of meeting, and title of the congress. 

Attention is drawn, in a special note following the preface, to the 
microfilm service supplied by the Institut Pasteur, and the address 
to which orders and enquiries should be sent is given. 

This catalogue is a careful, businesslike job, worthy of good 
librarians, and should be particularly useful to non-Parisian users 
of the Institut Pasteur libraries. One small criticism: readers of 
British Medical Bulletin may be surprised to see the place of publica- 
tion of this journal given as ‘‘ Londres-Paris”’. It is in fact, of 
course, London, but the insertion of Paris may perhaps be explained 
by the facts that (i) the Bulletin is distributed in France exclusively 
by Masson of Paris, and (ii) the translation of the French edition 
(Bulletin Medical Britannique, which has now ceased publication) 
was directed from the Institut Pasteur. . 

A. H.-S. 
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BIBLIOGRAFIA ONCOLOGICA 


it is the aim of the Instituto Regional de Oncologia de Santa Fé, 
Argentina, to establish a complete information service on the 
subject of cancerology. Their publication, Bibliografia oncologica, 
of which we have received the number for January—March 1951 
(year 2, no. 1), lists about 70 medical journals which have been 
collected by the Institute during this period. The majority of these 
are, of course, of South American origin. The contents of the 
journals have been classified according to the Dewey system and 
approximately 180 papers are listed. One of the objects of the 
information service is to supply readers with copies of the works 
listed. Application for these copies should be made to the Director, 
Dr Vicente A. Fiori, Instituto Regional de Santa Fé, Oficina de 
Informacion Bibliografica y Biblioteca, Boulevard Zavalla 3399, 
Santa Fé, Argentina. 

x * + 


NEW JOURNALS 


The Fédération Dentaire Internationale (F.D.1.) celebrated in 
1950 the SOth anniversary of its foundation, and in the same year 
the first number of its official journal, International Dental Journal, 
was published. For the time being this journal will be published 
in English, with the summaries and the legends to figures in French, 
German, Italian and Spanish also ; if there is sufficient demand the 
journal will be published in these or other languages. The journal 
will be the official organ of the international quinquennial congresses 
of the F.D.I. In the year preceding each congress the papers to be 
presented will be published, so that at the congress the whole time 
can be devoted to discussion; these discussions will be reported 
in the following year. We have received vol. 1, nos. 1, 2 & 3 (Sep- 
tember 1950, December 1950, March 1951), each of which includes 
papers from writers in all parts of the world. In addition to the 
main papers there is in each number a section which has been 
placed at the disposal of the Bureau of the F.D.1.; these sections 
have been used for the publication of general information, reports 
of annual meetings and other administrative matters. 


* aa * 


JAPAN 


The Yokohama Medical Bulletin is published by the School of 
Medicine, University of Yokohama. In the foreword to vol. 1, 
no. 1 (October 1950), the dean of the University expresses the belief 
that it is important for medical workers in Japan to be able to 
publish their work in European languages ; opportunities for doing 
so are limited, hence this journal is published in English. Original 
articles only are accepted and this first number contains eight papers, 
most of them including a list of references to the literature. The 
papers are on a variety of subjects, by workers in such diverse 
— fields as radiology, bacteriology, cancerology and ophthal- 
mology. 


+ On * 
USA 
We have received the first number of Antibiotics and Chemo- 
therapy (Washington, D.C.). Its sub-title, “‘ Journal of experi- 


mental and clinical studies on antibiotics, hormones and chemo- 
therapeutics’, indicates the contents of the main articles. In 
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vol. 1, no. 1 (April 1951) an introductory article is contributed by 
Selman A. Waksman who first proposed, in 1941, the use of the 
word “ antibiotic ” in its present accepted sense. There are 14 main 
articles concerned with a variety of antibiotics, such as, for example, 
chloramphenicol, streptomycin, and terramycin. A short section 
of abstracts and book reviews is also included. The journal is 
published by the Washington Institute of Medicine and the sub- 
scription rate is $10 per year, for 12 numbers including an annual 
cumulative and author index. 


JOURNALS NEWLY RECEIVED 


BRAZIL 


We have also recently received vol. 1, nos. 2, 3 & 4 (1949) and 
vol. 2, nos. 1, 2 & 3 (1950) of the Revista Brasiliera de Malario- 
logia (Rio de Janeiro), a quarterly publication of the Servico 
Nacional de Malaria. Each issue contains at least six original 
contributions to the study of malaria control, such as mosquito 
and malaria surveys, papers on the efficacy of insecticides—of 
DDT in particular—or descriptions of practical measures upon 
which such field work is based. Many charts, tables and plates 
illustrate the extensive programme now well under way. The 
Servico Nacional de Malaria, 142 Rua Melo e Sousa, Rio de 
Janeiro, will supply the Revista free of charge to those interested, 
on receipt of an application giving the address of the organization 
with which the applicant is associated. 


* * * 


TURKEY 


Acta Medica Turcica is published quarterly by the Faculty of 
Medicine, University of Ankara. It is edited-by a Board appointed 
by the Council of the Faculty and is devoted to the publication of 
original articles from workers in all fields of medicine. We have 
received vol. 3, no. 1-2 (June 1951) which contains 19 articles, 
7 in English, 7 in French and 5 in German. The price of this 
journal is $6 per volume; single copies and complete volumes of 
earlier numbers may also be obtained. 

oe * os 


The following journals have also been received : 


Acta Medica lugoslavica (Belgrade), vol. 5, no. 1-2, 1951 

Archivos de la Sociedad de Cirujanos de Chile (Santiago), year 2, 
nos. 1-4, 1950; year 3, no. 1, 1951 

Bezpieczenstwo i Higiena Pracy (Warsaw), vol. 5, nos. 1, 2 & 3, 
1951 

Bibliography of Occupational Medicine (Geneva), vol. 3, no. 1, 1950 

Boletin Mensuel, Direccién de Ganaderia (Montevideo), year 31, 
no. 4, 1950 

Folia Stomatologica (Zagreb), vol. 11, nos. 1 & 2-3, 1950 

Gaceta Médica de Caracas (Caracas), year 55, no. 13-18, 1950 

Higijena: Casopis za Higijenu, Mikrobiologiju, Epidemiologiju 
i Sanitarnu Tehniku (Belgrade), vol. 3, no. 1-2, 1951 

** Iryo”’ (The Medical Journal of the National Hospital and Sana- 
torium) (Tokyo), vol. 5, nos. 1-5, 1951 

Nicaragua Medica (Managua), vol. 7, no. 3, 1951 

Problemas de Pediatria, Revista Bimestral (Mexico), vol. 3, no. 17, 
1951 

Revista de Medicina do Rio Grande do Sul (Pérto Alegre), vol. 7, 
no. 37, 1950 

Revista de Urologia (Mexico), vol. 8, no. 5, 1950 
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Historical Notes 


MEDICAL HISTORY OF PERSIA 


In 1934 Dr Elgood contributed an admirable outline history of 
Medicine in Persia to the well-known “ Clio Medica ”’ series of 
primers on the history of medicine. Now he has provided us with 
the first continuous history of the art and practice of medicine in 
Persia and the bordering countries from the earliest times until the 
present day. The qualifications required of the historian of 
Persian or Arabic medicine (and it must be remembered that the 
two adjectives are almost synonymous when applied to medicine) 
are manifold. Few orientalists have had a medical training, and 
few practising physicians are learned in the Eastern tongues. The 
serious researcher into the history of Persian medicine cannot be 
content with a knowledge of all the varieties of Persian and Arabic 
that have occurred in time and space; he should also have a 
knowledge of several other oriental languages and, above all, of 
Greek. Dr Elgood’s predecessors have, therefore, been few, al- 
though they have included such great names as Wiistenfeld, Leclerc, 
Meyerhof and Edward Granville Browne. Dr Elgood has made 
use of all these modern authorities and of the Arab medical histor- 
ians and biographers, whose writings are primary sources for the 
period extending from the 8th to the 13th century. Furthermore 
Dr Elgood has lived and practised for many years in Iran and has 
been an assiduous collector of old medical texts. It may be 
stated at once that he has produced an extremely valuable book, 
covering all aspects of the subject in an authoritative and adequate 
manner. This is no product of scissors and paste, but the result of 
many years of devoted labour and research presented in impeccable 
literary form. Printing and production leave little to be desired, 
and we have detected only one misprint, ‘* Potin ’”’ for “* Potain ” 
on p. 288. In these austere times it would perhaps be unreasonable 
to ask for many illustrations, but a few more reproductions from 
Persian miniatures of medical interest, although adding little to the 
value of such a learned text, would nevertheless have been pleasing. 

The story of Persian medicine divides naturally into two main 
periods, the pre-Moslem and the Moslem eras. These two periods 
are separated by the battle of Nihavend (A.D. 642), in which the 
crusading army of Islam, under the command of the Caliph Umar, 
utterly defeated the Persians and paved the way for the supremacy 
of Islam throughout the Middle East. The pre-Islamic period of 
Persian medicine is considered in the first two chapters, which 
cover respectively the earliest times up to the death of Alexander 
the Great and the period extending from the death of Alexander to 
the foundation of Islam. Persian mythology ascribes the intro- 
duction of medicine into Persia to Jamshid, the hero king who 
figures so prominently in Firdausi’s epic poem the Shahnama : 


Jamshid thus spent 
Another fifty years and did much good. 
He introduced the scents that men enjoy 


Next leechcraft and the healing of the sick, 
The means of health, the cause of maladies, 
Were secrets opened by Jamshid. 


The Shdhnama was written in the 10th century A.p., but enshrines 
the traditional lore of much earlier ages. The views and methods 
of the prehistoric inhabitants of Persia were the same as those of 
other primitive peoples. The Persians undoubtedly borrowed much 
of their medical lore from their neighbours in India and from 
China, but they were even more indebted to the Babylonians and 
Assyrians. The earliest literary monument of Persian medicine 
is the Avesta,.the book of the teachings of Zoroaster. That part 
of the Zoroastrian scriptures which most concerns medicine deals 
with the eternal struggle between the forces of good and evil. 
According to the Avesta, disease was caused by evil spirits, but for 
every disease there existed a remedy. At the same time it was 
understood that physical and natural causes also played their 
part in the causation of disease. Zoroastrian medicine, like that of 
ancient Israel, reached its highest level in the realm of public health. 


1 For particulars, see p. 106. 
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Three kinds of practitioners issued from the medical schools which 
existed in many large centres. The highest category came from the 
priestly caste ; they were described as “‘ healers with holiness.”’ 
The second and third classes were inferior and treated diseases with 
herbs and with the knife respectively. Medical practice was 
minutely regulated and there was a strict code of medical ethics. 
The status of medicine in primitive Persia was more advanced 
than in Assyria. Dr Elgood would go further; he claims that 
Persia played a very great part in the building up of that system of 
medicine which is always associated with the genius of the Greeks. 

Recorded Persian history, as opposed to mere tradition, begins 
with the advent to the throne of the Achaemenian dynasty. 
Achaemenes, the founder of the line, began to reign about 700 B.c. 
The most famous Achaemenian kings were Cyrus the Great, the 
second of the line, and Darius, the ninth. The first trustworthy 
accounts of the condition of medicine in Persia refer to the reign of 
the latter monarch, who died in 486 B.c._ Both Cyrus and Darius 
had a predilection for Egyptian physicians, although Darius also 
had a famous Greek physician—Democedes, who had been cap- 
tured in the Persian expedition to Thrace and Macedonia in 512 B.c. 
Alexander the Great reached the Euphrates in 331 B.c. and de- 
Stroyed the Achaemenian culture, but it was nevertheless due to 
him that Western civilization penetrated into Central Asia. Very 
little is known about the period between the death of Alexander in 
323 B.c. and the rise of the Sassanian dynasty. The first of the 
Sassanid kings—Ardeshir—came to the Persian throne in A.p. 226, 
and his dynasty ruled for over four centuries. To this age belongs 
the story of the famous medical school at Jundi Sh4pur in Southern 
Persia. The development of this city as a great medical centre 
dates from the migration of Nestorian refugee professors from the 
university of Edessa in a.p. 489. Jundi Shapur remained the 
greatest centre of medical teaching in the Islamic world until the 
Arab invasion of Persia and the supremacy of the caliphs’ capital at 
Baghdad. After the fall of the Sassanid monarchy in 642 Persia 
ceased to exist as an independent power and the whole of the 
Moslem world owed obedience to the caliph of Baghdad. The 
Arabs brought energy and a language that was flexible and readily 
adaptable to scientific purposes. The period of greatest glory is 
that known as the Abbaside Caliphate, extending from the middle 
of the 8th to the middle of the 13th century. The development of 
the Persian school of medicine was due to the patronage of the 
caliphs, and especially to al-Ma’miun and to Harun-ul-Rashid, the 
two greatest of the line. The majority of the writers on medicine 
and science were Petsians by birth although they wrote most of 
their works in Arabic. One of the most interesting of Dr Elgood’s 
chapters deals with the towering figures of Rhazes and Avicenna, 
while another is devoted to the place of ophthalmology in Arabian 
medicine. A department of medicine in which the Persians 
excelled was hospital organization and management. It is probable 
indeed that they were the originators of the modern hospital system. 
Their great hospitals were certainly amongst the wonders of the 
mediaeval world and long antedated any similar institutions in 
Europe. Dr Elgood deals faithfully with this side of Persian 
medical history and gives many fascinating sidelights on the great 
hospitals of Baghdad, Ispahan, Damascus and other cities. 

The golden period of the Caliphate was ended by the invasion of 
the Mongols, who captured Baghdad in 1258 and completely 
subjugated all Persia. Persian independence was regained under 
the Safavid dynasty (1502-1736), when the arts of weaving and 
painting reached their zenith but medicine failed to reach as high a 
standard. With the decline of the Safavid dynasty the development 
of the old Persian medicine closes. The more modern period is 
characterized by the gradual encroachment of Western ideas, 
although the traditional system is still a living force. The story of 
the medical men who worked in Persia under the aegis of the East 
India Company forms one of the most fascinating sections of Dr 
Elgood’s story. British relations with Persia began in 1611 when 
Shah ’Abbds the Great sent an embassy to the court of James I to 
negotiate what amounted to a treaty of trade and friendship 
between the two countries. The first European to make a study of 
Persian medicine was Fr Angelus of the Carmelite Order, who 
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spent some fourteen years in Persia. On his return to Paris he 
published in 1680 his Pharmacopoeia Persica, which was followed 
four years later by a Persian dictionary. The most famous of the 
medical men to visit Persia in the early days of the East India 
Company was Dr John Fryer, a Cambridge graduate. His 
published account (1698) of his sojourn in Persia is an extremely 
interesting work, although it is perhaps more valuable for the 
information which it gives regarding the people and their customs 
than for the light which it sheds on medical matters. ; 
The slow transition from ancient to modern medicine is traced in 
the concluding chapters. It is in many parts a sombre story. 
Learning, art and culture flourished alongside the most barbarous 
superstition and the most revolting cruelty. A physician at the 
Persian court appears to have stood an almost equal chance of 
being rewarded with his weight in gold or of being impaled. One 
of the most remarkable features of Dr Elgood’s work is the skill 
with which he has placed his story against the background of 
general Persian history. The book is indeed a true piece of histori- 
cal writing and not a mere stringing together of names and dates. 


W. J. Bishop 


THE MEDICAL WORKS OF HIPPOCRATES 
A New Translation 


The appearance of this clearly printed, easily handled, new trans- 
lation of the medical works of Hippocrates’ is an event of no small 
importance, for it is clearly desirable that all doctors should have 
some first-hand knowledge of that ancient Greek medicine which, 
despite its errors and limitations, is still the basis of all clinical 
study. Only two other English translations of Hippocrates’ works 
exist, namely the two volumes by F. Adams published by the 
Sydenham Society, London (1849), and the four-volume combina- 
tion of Greek text and English translation by W. H. S. Jones and 
E. T. Withington published by Heinemann, London (1923-31). 

The present volume is the combined work of a distinguished 
classical scholar, Dr John Chadwick, and a distinguished physician, 
Dr W.N. Mann. It reflects much painstaking research, its authors 
having studied not only the texts of such authorities as Kuehlewein 
and Littré, but also the available Greek manuscripts, the earliest of 
which was probably written some 1,300 years after its contents were 
first composed. They have where possible translated into modern 
medical English, but have not used the modern name of a disease 
when uncertain that the Greek author appreciated its morbid 
identity. They have wasted no ink in vain speculations about the 
facts of Hippocrates’ life or the authenticity of the seventy-odd 
treatises which bear his name. Like all modern investigators they 
recognize that nothing is definitely known about Hippocrates 
except that he was a great physician and medical teacher who lived 
in the Aegean island of Cos in the latter half of the 5th century B.c. 
They accept the modern view that the “ Hippocratic corpus,” so 
far from being the work of one man, represents the remains of a 
library belonging to the early Greek medical school of Cos and 
containing some writings of a rival school at the neighbouring 
town of Cnidos. They think it probable that the collection was 
compiled and edited in the 3rd or 2nd centuries B.c. by the scholars 
of the famous library at Alexandria. 

Since the corpus is a medley of items, varying from good to 
worthless, written in diverse styles, full of the sharpest doctrinal 
contradictions, and with perhaps 300 years or more between its 
earliest and its latest sections, it follows that excellence is the only 
available test for authenticity, those papers being considered truly 
* Hippocratic ’ which are richest in accurate observation and most 
free from superstition and hypothetical philosophy and which 
show that scientific detachment which was Ionia’s supreme con- 
tribution to the development of Western thought. Chadwick and 
Mann have translated only the works which conform most closely 
to this standard. 

The surgical and obstetrical works have not been translated. 
The reviewer hopes these will be made the subject of a second volume 
by the same authors. Ionian surgery was in a flourishing condition: 
to omit all reference to it is to provide a very incomplete picture of 
Hippocratic practice. 

The 14 items selected for translation are: The Oath; The 


» For particulars, see p. 106. 
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Canon ; Tradition in Medicine ; Epidemics, Books I and III; The 
Science of Medicine ; Airs, Waters, Places; Prognosis ; Regimen 
in Acute Diseases; Aphorisms; The Sacred Disease; Dreams 
(Regimen IV); The Nature of Man; A Regimen for Health; 
Coan Prognosis. 

Tradition in Medicine explains the empirical basis of medicine as 
practised in the time of Hippocrates. The importance of diet is 
greatly overstressed, and gruel is glorified almost into a panacea. 
Doctors are advised to use language which the laity can understand. 
The humours are dealt with. While discussing acrid discharges, 
the author gives a clear picture of a rodent ulcer destroying eyelids 
and cheek. Since heat and cold cancel each other out, they are 
the weakest of the ‘ forces’ operating in the body ; but when they 
are separated—as in the hot and cold phases of fever—they become 
harmful. Chill followed by warmth causes chilblains (excellently 
described). There are references to frost-bite, food allergy, liver 
abscess and subphrenic abscess. 

Epidemics, Books I and III. W.4.S. Jones considers that these 
two Books, I and III, manifestly constitute a single work which, 
although often ungrammatical and with no literary grace, is quite 
the most remarkable product of Greek science. It is amazingly 
inconsecutive, the writer flitting from topic to topic with the agility 
of a ‘ grasshopper mind’ in need of pelmanism. Thus Book I 
starts with notes on the seasonal incidence of diseases ; then out- 
lines the functions of a doctor; then discusses pains in the head 
and neck; gives a second ‘ constitution’ of seasonal diseases ; 
follows this with an elaborate classification of the fevers, with their 
periods, paroxysms and crises ; and ends with 14 detailed clinical 
histories. 

All changes in climate are carefully noted, e.g. ‘“‘ There was 
little rain at the time of the summer solstice but instead a severe 
cold spell set in and lasted till the (rising of the) Dog Star . . .” 

The writer shows a master’s grasp of the principles of differential 
diagnosis. In addition to each sign and symptom, the patient’s 
personal history, heredity, habits and environment, and even his 
thoughts and dreams, are carefully noted. The ancient Greeks 
lacked nearly all our modern aids to diagnosis. They could not 
even record body-temperatures and, rather surprisingly, they had 
failed to appreciate the value of pulse records. Yet in many cases 
the clinical picture is so admirably presented that the identity of 
the underlying disease can be in little doubt. 

The reviewer can allude to only a few of the many diseases dealt 
with in these sections. There is a good account of an epidemic of 
mumps complicated, especially in wrestlers and gymnasts, by 
orchitis. Relapsing fever, and the life-long immunity which 
follows an attack, are clearly described. Cheynes-Stokes respira- 
tion appears in two of the case-histories. A good picture is drawn 
of the appearances characteristic of those suffering from phthisis. 
Perineal abscess with strangury seems to have been common, yet 
nowhere in the corpus is there any reference to venereal disease. 

It seems strange that there is no description of blackwater fever 
(a disease with a very cledr-cut clinical picture). Granted that 
subtertian malaria was probably endemic in Ionia and that the 
local inhabitants had the same partial immunity that protects the 
natives of Central Africa, this does not explain why trade-borne 
visitors from malaria-free countries seem to have escaped black- 
water fever. The disease is not uncommon in certain parts of 
Greece today. Was Plasmodium falciparum more benign in those 
far-off days ? 

The over-emphasis laid on ‘ critical days ’ in the fevers, and the 
unsound generalizations based on this theory, may indicate a sub- 
conscious belief in Pythagorean number-magic; but we must 
remember that all diseases in malarious lands tend to show periodic 
exacerbations. 

It is evident that the Greek physicians, besides having no clue to 
the aetiology of disease, had quite failed to grasp the idea of in- 
fectivity. Even the great plague of Athens (about which the 
corpus is strangely silent) had no aetiological message for them. 
They also seem to have been almost destitute of effective drugs, so 
that (as noted by M. S. Howdart) they could do little but study their 
patients with scientific interest, examining stools, urine, etc., an- 
nouncing crises and pronouncing sentences of death. Treatment 
was certainly not their strong point. 

The Science of Medicine is a spirited defence of medicine, prob- 
ably written by a lay sophist more interested in subtle reasonings 
and literary style than in science. Diseases are separated into two 
great categories, “ internal’ and “ external,” the echo of which 
remains to this day ; and the optimism of ignorance betrays itself 


Brit. med. Bull. 1951 


— 


wr” SO a TT 


Ve 





, 1951 


a 


— OE og 


HISTORICAL NOTES 


in the claim that ‘‘ a sickness which is clearly seen can be cured.” 
Some fragments of very bad anatomy are offset by the description 
of an exercise tolerance test. 


Airs, Waters, Places, an essay on the influence of climate, water- 
supply and geography on health, is far too dogmatic, conclusions 
being drawn from quite inadequate data. Stone in the bladder is 
said to result from the drinking of water containing sediment ; 
clearness of the patient’s urine shows that the muddiest part of the 
imbibed water has remained behind in the bladder! It is alleged 
that wealthy Scythians became impotent from cutting their post- 
auricular veins as a cure for leg varices due to continual horse- 
riding. The long-headed Macrocephali are referred to in support 
of the theory that acquired characteristics can be inherited. 


Prognosis. The Greek doctor stressed prognosis, partly because 
he was a real scientist and partly because he sought to impress 
patients and their relatives with his omniscience. This section 
contains a wealth of both diagnostic and prognostic data. The 
importance of facies and decubitus is underlined, and there is a full 
account of the facies Hippocratica, clubbing of the fingers in intra- 
thoracic suppuration, and the significance of unequal pupils, teeth- 
grinding, exposure of the sclerae during sleep and many other 
morbid signs. There is an admirable description of middle-ear 
disease and its intracranial complications. Diphtheria, scarlet 
fever and many other illnesses are dealt with, though not by name. 

Aphorisms. This anthology of medical truths, regarded in the 
past with an almost religious veneration and styled, as late as the 
19th century, “* the physician’s bible,”’ is the best-known work in 
the corpus. It contains 87 items, and conclusions of far-reaching 
significance are compressed into terse sentences easily memorized. 


-From a literary point of view it is a little disappointing, for the hig) 


quality of its opening sentences (“* Life is short, science is long . .. .””) 
is not sustained. Sound and dubious observations are intermingled, 
as will appear from one or two selections : 


Unprovoked fatigue means disease . . . It is better to be full of drink than 
full of food . . . In all maladies, those who are fat about the belly do best 
. - « [yet] Sudden death is more common in those who are naturally fat than in 
the lean . . . In consumption, loss of the hair of the head a by 
diarrhoea is fatal . . . If, in a woman who is carrying twins, one breast be- 
comes thin, a miscarriage will occur of one of the children. If the right breast 
is affected, the male child will be lost ; if the left, the female . . . A woman 
is never ambidexterous . . . Gout does not occur in women except after the 
menopause . . . Eunuchs are not subject to gout, nor do they become bald. 
[A foreshadowing of endocrinology ?] Those who are bald do not suffer from 
varicose veins, while should someone who is bald develop such veins, then his 
hair grows again. 


Regimen in Acute Diseases is a polemic treatise written mainly to 
refute certain doctrines held by the neighbouring medical school 
and expressed in a book called Opinions from Cnidus. It gives a 
full account of the Coan regimen, and it explains the use of such 
* medicines ’ as hellebore, purple spurge, various wines, hydromel 
(honey with water), oxymel (honey with vinegar), and cyceon (a 
mixture of wine, cheese and barley). It describes various methods 
of applying local heat, also the technique of bathing a patient. 

The Sacred Disease. Nowhere is the stature of Greek intellect 
more evident than in this challenge to superstition, this refutal of 
the doctrine that epilepsy is a visitation by the gods. The author 
boldly asserts that epilepsy is no more divine or sacred than any 
other disease, and he proclaims the uniformity of Nature, every 
aspect of which is equally divine. The incantations and purifica- 
tions prescribed by witch-doctors are ridiculed—as also their claim 
to be able to “*‘ draw down the moon, cause an eclipse of the sun, 
make storms and fine weather, rain or drought .. .”” “‘ Human 
bodies cannot be polluted by a god ; the basest object by the most 
pure.” 

The hereditary factor in epilepsy is stressed, and an account is 
given-of the premonitory auras and auditory and visual hallucina- 
tions associated with it. Postepileptic automatism is described. 
Rejecting the then prevalent view that the emotions are located in 
heart or diaphragm, the author claims that the brain is the seat of 
this disease, as of other violent diseases. The absurd anatomy 
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and still more absurd pathology with which he backs his reasoning 
cannot quench our admiration for his remarkable insight. 

It is humbling to recall that in Western Europe, two thousand 
years after this paper was written, the ‘ royal touch ’ was still being 
extended to the scrofulous, witches were being burned at the stake, 
and demons were being exorcised from madmen by book, bell and 
holy scourgings. 

Dreams. This section, which throws no light on the functions 
of the id, shows how difficult it was for even the most enlightened 
Greeks to escape wholly from the fetters of superstition. Accord- 
ing to W. H. S. Jones, it constitutes the first reference in classical 
literature to a supposed connexion between the heavenly bodies and 
the fates of individual human lives. Celestial phenomena figured 
largely in Grecian dreams—not a surprising fact when we remember 
that the Ancients, having no clocks or calendars to make star-lore 
mat were forced to take constant notice of the heavenly 

ies. 

The Nature of Man is a popular lecture on alleged anatony, 
physiology and pathology. Worthless except as showing how 
Greek medicine was crippled by ignorance of the basic sciences, it 
sets forth the doctrine of the four humours. There is no experi- 
mental background for the theories described because, as Jones 
points out, “ the drudgery of collecting facts, and of making sure 
that they square with theory proved too laborious for exuberant 
Greek minds, which shirked this discipline.” The author antici- 
pates Pasteur in rejecting the theory of spontaneous generation. 
“For how could one thing generate another unless it copulated 
with some other ? ” 

_ A Regimen for Health, of small practical value in itself, is of 
interest as foreshadowing the importance of preventive medicine. 

Coan Prognosis. Chadwick and Mann deserve much credit for 
being the first to produce an English translation of this important 
work. It is a collection of aphorisms probably written somewhat 
later than Prognosis and Prorrhetic, and its contents are a curious 
mixture of the excellent, the indifferent and the frankly inferior. 
Many of the 640 items are a mere rehash of statements made in the 
earlier works, and wearisome, unprofitable pages are devoted to 
the naked-eye appearances of urine and stools in different diseases. 
Reference is made to an almost bewildering variety of syndromes: 
there are unmistakable pictures of such diverse conditions as 
eclampsia, puerperal infection, angina pectoris, cerebral arterio- 
sclerosis, cerebral thrombosis, Jacksonian epilepsy, measles, 
tetanus, the different forms of nephritis, dropsy, uraemia, amoe- 
biasis, liver abscess, paralytic ileus, and even paradoxical respira- 
tion. In cases of suspected fracture of the skull, we are advised to 
“* give the patient a stalk of asphodel or fennel to chew with either 
jaw, and tell him to note whether he notices any bony crepitus . . .”’ 


Among the many less convincing items may be quoted the 
following : 


In long and fatal illness, a pain in the anus is a sign of death . . . In cases 
of pneumonia, if the whole tongue becomes covered with rough white fur, 
both lungs are inflamed ; if only half the tongue is affected, only the ipsilateral 
lung is involved . . . Deafness puts an end to bilious stools, and a bilious 
stool puts an end to deafness. 


The bald, unemotional style of the Hippocratic writers makes this 
volume hard to digest unless taken in small helpings. The re- 
viewer feels that the translators might have provided a little season- 
ing. Conscientiously resolved to say nothing that might ascribe 
to Hippocrates an insight he did not in fact possess, they have 
limited their comments to an eight-page introduction and a total 
of twenty-one curt sentences as headings for the different sections. 
Surely this is a mistake. The book is certain to attract many lay 
readers, and these must, if unguided, flounder helplessly in a morass 
of signs and symptoms. It is to be hoped that the translators will 
be more helpful and less cautious in future editions. There should 
be many of these, for this new English translation of the medical 
works of Hippocrates, bearing as it does the true stamp of informed 
and disciplined scholarship, will make a wide appeal to all inter- 
ested in the culture and science of ancient Greece. 

W. K. Connell 
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The British Encyclopaedia of Medical Practice. 
Volumes 2, 3 & 4 


Edited by Horder. Second edition. London: Butterworth 
& Co, Ltd., 1950. Vol. 2: Aphasia to Boils and Carbuncles. 
xiii + 755 pages; 115 figures. 25 x 17 cm. £3. Vol. 3: 
Bone Diseases to Cor Pulmonale. xvi + 707 pages; 96 
figures. 25 x 17 cm. £3. Vol. 4: Cornea, Injuries and 
Diseases, to Ear Diseases. xvi + 746 pages; 131 figures. 
25 x 17cm. £3 


These three volumes of this immense work take up the tale 
begun in volume 1 and carry it through the alphabet from Aphasia 
to Ear Diseases. The list of distinguished contributors ensures the 
maintenance of the high standard which has been set. Again we 
can mention only a few of the many articles, the emphasis in 
selection being on those which an independent-minded general 
practitioner might particularly welcome. ; 

There is a lucid and practical account of aphasia, a subject 
which the student often finds mysterious and dull. It is pleasant to 
find articles on examination of the blood and cerebrospinal fluid, for 
the practitioner often forgets, with the years, the valuable aid he 
can obtain from study of these two fluids. Blindness and deafness 
are subjects too frequently passed over in standard textbooks ; 
they are here dealt with in extenso. An “ intelligent clinician’s 
guide” to atomic energy and to aviation medicine is provided. 
Of more immediate practical value are the sections on athletics and 
athletic injuries, subjects poorly taught in medical schools. The 
practitioner will have little excuse for ignorance of the management 
of the various forms of arthritis, bronchitis and bronchopneumonia, 
diabetes mellitus, or the alarming diarrhoea of infancy, if he reads 
the appropriate sections in this work. High blood-pressure is 
fairly dealt with, and one is grateful for the table of reported results 
of operation. There is an admirable précis of the subject of 
breast lesions. ‘‘ Colds ”’ and “ chilblains ” are two entries sure 
of a warm welcome; they contain much common-sense advice. 
It is fitting that child health should be allotted a long and important 
article. The newer discipline of child guidance is ably defended 
against the attacks of those like the mother in Punch, who told her 
recalcitrant offspring, “‘ If you don’t behave, I'll have you child- 
guided’. Those without religious scruples on the subject will 
benefit greatly from the article on contraception. The general 
impression of these volumes is that of good value for money in a 
world where value is less and less commonly obtainable. 


S. S. B. Gilder 


Modern Practice in Infectious Fevers 


Edited by H. Stanley Banks. London: Butterworth & Co. 
Ltd., 1951. Vol. |: xvi + 496 pages; 108 figures. 25 x 
17 cm. Vol. Il: viii + 493 + 65 pages ; 103 figures. 25 x 
17cm. £5 the set of 2 volumes 


The space allotted to the acute infectious fevers in modern 
textbooks on general medicine is not as a rule sufficient to give 
more than an elementary account of these diseases in all their 
aspects, and the smaller books on the special subject which have 
appeared in recent years, excellent in many ways and adequate 
enough for the immediate purpose of the young graduate or busy 
practitioner, have not really met the demand for a standard work to 
which even the initiated might refer on occasion. Although in his 
preface the editor does not claim that this was in his mind when the 
compilation of the present publication was contemplated, it was 
hoped that the various articles would provide up-to-date, informa- 
tive, mature, balanced, yet economical statements on the subjects 
coming within the compass of these two volumes. 

A very wide field is covered and, to be authoritative, it was 
obviously necessary to call upon the services of a large number of 
contributors, 52 in all. These are mostly British, but there are 
articles from workers in the USA, Canada, South Africa, Australia, 


France and Egypt. The first of the two volumes comprises Part I, 
“* General approach ”’, which consists of chapters on such subjects 
as the oecological approach to infectious disease, epidemiology, 
laboratory aids to diagnosis and treatment, and immunization, 
and Part II, which consists of 18 chapters on the bacterial fevers. 
The second volume consists of Part III, which deals principally 
with the virus fevers in 16 chapters, Parts IV, V, VI, and VII, 
which cover rickettsial, spirochaetal, protozoal, and mycotic fevers 
respectively, and Part VIII, which includes articles on infections of 
unknown aetiology. The acute infectious diseases of the tem- 
perate and semi-tropical zones, including acute rheumatism, are 
brought under review, as are the most important of those found in 
the tropics. The venereal diseases, tuberculosis, except for tuber- 
culous meningitis, and leprosy remain outside the scope of these 
volumes. It is always difficult in a work of this kind to obtain a 
logical classification of the subject-matter and in this not unimpor- 
tant task we think the editor has succeeded admirably. Considera- 
tion of this subject leads inevitably to discussion of the balance of 
the work and in this again we are of the opinion that he has been 
successful, although it is doubtful if it is necessary to devote 14 
pages, including illustrations, to the Stevens-Johnson syndrome, 
or 5 pages to poliomyelitis following inoculatians. In all there are 
211 figures consisting of photographs, diagrams, and charts. Only 
a few of the articles are illustrated by photographs ; these, on the 
whole, are well chosen. 

To produce, a critical review of a work of this dimension and 
scope would require the efforts of a team of reviewers but the 
opening chapter by Burnet on the oecological approach to infectious 
disease will be recognized by all serious students as that of a master. 
Other articles with a more clinical basis, such as those on mumps 
by Wesselhoeft, on rheumatic fever by Bywaters, on erysipelas by 
Anderson, on typhoid and paratyphoid fevers by Nelson & Pijper, 
on poliomyelitis by Paul, and on meningococcal meningitis by 
the editor, to mention only a few, reach a high standard of excellence. 
Incidentally the last-mentioned author still prefers a ‘* good anti- 
toxin ’’ for the treatment of scarlet fever and, with the mild form of 
the disease in the area in which he practises, has probably not 
realized the immense benefit which penicillin can confer on the more 
serious cases of the disease. The sections on immunization also 
maintain a uniform standard of excellence, although that on diph- 
theria may not commend itself unreservedly to British workers. 
However, these can be only a few reflections on a publication which 
will be recognized everywhere as a first-class addition to general 
medical literature. There are still numerous unsolved problems in 
the field of infectious disease, both on the clinical and laboratory 
sides, and all of us, even those whose interests lie mainly in this 
special field, will be under a considerable debt to the editor, con- 
tributors, and publishers of these volumes. 

A. Joe 


Medical Treatment : Principles and their Application 


Edited by Geoffrey Evans. London: Butterworth & Co. 
Ltd., 1951. xxvi + 1398 + 66 pages; 51 figures. 25 x 
17cm. £5 5s. [£5.25] 


The purpose of this book, in the words of the preface, is to 
“* reflect the present day outlook on medical practice and to make 
generally known the detail of the treatment of sick persoris and 
their diseases as practised by the contributors to the book”. To 
this end the editor has assembled more than 50 eminent contributors 
of whom two-thirds are associated with London teaching hospitals, 
and the remainder with special hospitals or provincial medical 
schools. They can therefore be considered as being representative 
of the best British opinion. The articles contributed, which cover 
with commendable completeness the whole field of medical treat- 
ment, are arranged in alphabetical order both of main subjects and 
of the subdivisions within each main subject. At first sight this 
may seem a questionable method of presentation, but use of the 
book over some months has convinced the reviewer that in so 
doing the editor was right and that in spite of its size this book can 
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be used surprisingly easily for quick reference. This point is 
important, for it is as a reference book for the practising physician 
that it will be of the greatest value. Frequent headings and the use 
of a variety of type make it easy to find one’s way about the volume. 

Treatment must be discussed against the background of the 
aetiology, natural history and symptoms of disease, and in the 
introductory paragraphs to each section considerable skill has been 
shown in supplying what is necessary to orientate the reader 
without overburdening the text with information which should 
properly be sought elsewhere. 

Recent developments in therapeutics are dealt with in chapters 
devoted entirely to them. For example, there are chapters on 
antibiotics and sulphonamides, on the chemotherapy of cancer, on 
nuclear physics, on x-ray and radium therapy, and on physical 
methods of treatment in psychiatry. These naturally overlap to 
some extent those sections where application of these new methods 
of treatment is described but these chapters are most valuable 
because they permit an outline of the general principles invoked in 
such therapeutic procedures. 

Therapeutics is advancing so rapidly that no book can keep 
completely abreast of the most recent developments. Revision of 
the text of this book must have been continued up to the last mo- 
ment. The section on cortisone and adrenocorticotrophic hormone 
(ACTH) in the treatment of rheumatoid arthritis is quite adequate 
but naturally there are articles which already need revision. For 
example, in the treatment of hypertension, more than two pages are 
devoted to the use of potassium thiocyanate and hexamethonium is 
not mentioned. This sort of thing is unavoidable but it does raise 
the question as to whether, with a book of this size and cost, there 
should be provided between editions some method of reassuring 
the reader that he has the latest information. The periodic publish- 
ing of pamphlets with corrigenda might suffice. 

A reviewer cannot read every word of such a book as this, he 
can only take frequent samples. That method has convinced the 
present writer that this book fulfils the purpose quoted in the 
opening sentence of this review ; that it provides reliable informa- 
tion, in adequate detail, in a form convenient for reference ; and 
that within the limitations of the method the job has been done as 
well as it can be done. 

R. S. Stacey 


Bronchial Asthma: its Relation to Upper 
Respiratory Tract Infection 


R. J. Whiteman. London: H. K. Lewis & Co. Ltd., 1951. 
xi + 184 pages. 19 x 12cm. 15s. [£0.75] 


The connexion between irritation of the nose and the occurrence 
of asthma has long been recognized. In the Ist edition of Allbutt 
& Rolleston’s System of medicine (1896-99) a case is recorded in 
which a man injured his nose in a fall from a bicycle, and became 
an asthmatic. The author of this new book does not go so far as 
to say that asthma is due in every case to nasal irritation, but he 
does claim that in a very large percentage, which is put as high as 
98%, relief is obtained by the treatment he advises. 

Mr Whiteman’s work has been done mainly in: Australia, and 
began in an attempt to clear up chronic infection of the nose and 
nasal sinuses. The results he obtained were so encouraging that 
he widened the scope of his therapy and included at first non- 
allergic, and later also allergic cases of asthma, and cases of paroxys- 
mal sneezing, with great success. 

The underlying idea is that the usual cause of asthma is nasal 
sinusitis, especially infection of the antra, and the way to cure it-is 
first to drain the antra, and then to carry out a long course of sus- 
tained inhalations, the inhalant including menthol and eucalyptus. 
The author thinks that this chronic nasal infection has its origin 
in neglected colds, and he insists on the importance of getting the 
asthmatic subject to bed, and on treatment by inhalations, with the 
recurrence of even a slight cold. 

Mr Whiteman says that asthma is the one ailment for which 
practically nothing has been done in the last 40 years. This is a 
hard saying, but of course treatment is difficult and uncertain, and 
it is this knowledge which leaves the reader not completely con- 
vinced. The author hardly recognizes the allergic case in which 
asthma disappears when the irritant is removed, nor those cases of 
mixed asthma and bronchitis in which, with relief of the asthma, 
the bronchitis clears up of: itself. His prescription of drainage of 


the antra, and strict confinement to bed with every cold, seems 
drastic, but if others can obtain results as good they may think this 
treatment justified. 


o Adam Patrick 


Congenital Heart Disease 


James W. Brown. Second edition. London : 
1950. xiii + 344 pages ; 128 figures. 22 » 
[€1.5] 


The 2nd edition of this work is welcomed and valued not only 
by cardiologists but also by general physicians, paediatricians and 
thoracic surgeons ; general practitioners too will find it a useful 
book of reference in these days of increasing public enlightenment 
in such matters. 

The author has a world-wide reputation for special knowledg* of 
congenital heart disease, founded on very many years of pai.s- 
taking work and diligent following-up of cases ; indeed, it is doubt- 
ful whether his depth of experience can be equalled. Such exper- 
ience facilitates appraisal of new work and in this book we find a 
balanced judgement on problems that have arisen in the past 
decade ; in relation to treatment of coarctation of the aorta, for 
example, the author recommends operation for many cases in the 
young. 

The book is attractively produced and is an improvement on 
the Ist edition ; the illustrations are clearer and there are more of 
them. Examples of angiocardiograms and chest leads of the 
electrocardiogram will have to be included in a later edition when 
their precise value will have been crystallized. Meantime the 
emphasis is placed rightfully on the natural history of congenital 
heart disease. 

The work is indeed a worthy sequel to Maude Abbott’s pioneer 
study, and one can trace in it also the influence of Sir James 
Mackenzie himself and of his method of “‘ wait and see”’. This 
is yet another monument to all that is best in clinical medicine. 


C. J. Gavey 


Staples Press, 
14cm. £1 10s. 


Lumbar Puncture and Spinal Analgesia 


R. R. Macintosh. Edinburgh : .E. & S. Livingstone Ltd., 1951. 
viii + 149 pages ; 111 figures. \ 22 x 14cm. £11s. [£1.05] 


This little book throws light on a subject which has hitherto 
been taken too much for granted. I¢ is often wrongly assumed that 
no special care or instruction is needed on the carrying-out of 
lumbar puncture; and spinal anaesthetics are still sometimes given 
by people who are ill informed about the basic principles concerned. 

There is a valuable elucidation of the anatomy involved, which 
presents the information more conveniently than do previously 
existing textbooks. This chapter owes most of its value to the 
illustrations, and indeed this section and the one on the technique of 
lumbar puncture consist of a small amount of text written round a 
large number of pictures. These illustrations give a greater 
clarity of expression than can be obtained by the written word, and 
Professor Macintosh is indeed fortunate to have had the collabora- 
tion of two such able artists as Miss McLarty and Miss Arnott. 
Radiographs giving front and side views of the spine in flexion and 
extension are also valuable. 

The importance of asepsis is underlined, and a useful chapter 
is devoted to this subject. In a concluding chapter a warning is 
given of the danger of keeping ampoules of injectable drugs in 
spirit. It is quite possible for the spirit to seep through a micro- 
scopic flaw in the glass and contaminate the contents of the ampoule. 

In Chapter VII much light is thrown on the distribution of 
analgesia solutions in the cerebrospinal fluid, and on the influence 
of gravity, body position, and volume in determining the extent of 
analgesia. An understanding of these points could simplify some 
existing techniques. 

There is an interesting chapter on headache after spinal analgesia, 
in which due mention is made of Hingson’s method of treatment by 
extradural saline injections. 

Though this is a valuable book, it is not without faults. It is 
sometimes needlessly repetitive. The frequent use of the first 






















































person is irritating, and out of place in a scientific work. So too, 
perhaps, is the use of inches rather than of centimetres. Lake is 
taken to task for recommending a method which reduces the 
amount of drug used. The economy is regarded as pointless, 
though it represents a saving of at least 40°; and most workers 
would support the principle of using as little as possible of any 
powerful drug. The writing is for the most part very good, but the 
use of the verb “ to section ” instead of “ to cut” is a lapse. The 
illustrations showing how to perform a lumbar puncture for spinal 
analgesia show the anaesthetist wearing gloves but with bare fore- 
arms. The addition of a long-sleeved sterile gown might more 
closely approach the ideal. These faults, however, do not detract 
seriously from the value of the book, which is due largely to its 
illustrations. The timing of its appearance is a more serious 
handicap. The last textbook on spinal analgesia—Maxson’s 
Spinal anesthesia—appeared in 1939, when the method was still 
enjoying a wave of popularity. This book appears when other 
methods, introduced in the last few years, have caused a marked 
waning in enthusiasm for it. 
Ronald Woolmer 


Clinical Uses of Intravenous Procaine 


David J. Graubard & Milton C. Peterson. British Common- 
wealth Edition edited by William W. Mushin. Oxford : 
Blackwell Scientific Publications [1951]. xii + 84 pages ; 
8 figures. 22 x 14cm. 8s. 6d. [£0.425] 


This monograph of 84 pages reviews the literature on the clinical 
uses of intravenous procaine and quotes many illustrative case 
histories in which this form of therapy has been successful. The 
bibliography is extensive (157 references) but, as perhaps might be 
expected, is somewhat biased and there is little reference to possible 
complications or their treatment. The authors recommend 
intravenous procaine for the treatment of a great number of 
unrelated conditions, including serum reactions, postoperative pain, 
pain in traumatic and inflammatory conditions, pruritis, anterior 
poliomyelitis and the control of cardiac arrhythmias during anaesthe- 
sia. These are set out in an arbitrary manner and no attempt is 
made to correlate the conditions or to explain the rationale of the 
therapy. A chapter devoted to Bier’s technique of intravenous 
local anaesthesia is a timely insertion, as this method has been 
overlooked in the past. 

The quality of publication both of text and illustrations is 
excellent, although some of the latter are irrelevant to the subject 
under discussion, e.g. that on p. 65. However, this monograph 
fulfils its function by bringing to notice a form of therapy which, 
although its mode of action is still obscure, has many uses in medi- 
cine. Its publication will stimulate further work in this field. 


B. G. B. Lucas 


Incontinence in Old People 


John C. Brocklehurst. Edinburgh: E. & S. Livingstone Ltd., 
1951. xiii + 191 pages ; 62 figures. 25 x 18cm. £1 10s. 
[£1.5] 


Incontinence of urine and faeces is a condition with which those 
whose work brings them into contact with old age are all too familiar. 
The fact that its aetiology is often obscure and its treatment 
both unsatisfactory and uneconomical might well be considered a 
spur to investigation, but such is the associated state of the majority 
of sufferers that precise work is commonly regarded as impracticable 
and unsavoury. The author is, therefore, to be congratulated on 
the comprehensive and painstaking enquiry into the subject which 
forms the background of this volume, and on his conclusions, which 
constitute a notable individual contribution to geriatric research. 

Some idea of the enormity of the problem of senile incontinence 
may be gained from the introductory paragraphs, from which it 
may be deduced that several years ago there were at least 10,000 
cases in hospitals and public institutions. Increasing longevity 
and domestic difficulties have since no doubt aggravated the posi- 
tion, and in years to come the outlook is indeed serious unless some 
means of combating senility can be devised. 
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In order to elucidate the problem, the author has conducted his 
research firstly into a review of previous literature dealing with 
incontinence. This portion of the book is composed of short and 
lucid sections on the anatomy of the bladder and the mechanism 
of micturition, with special reference to the disturbances which 
ensue in certain neurological conditions. In cases of senile incon- 
tinence it is concluded that the bladder reflex mechanism becomes 
over-active owing to diminution of cortical inhibition, while contri- 
butory factors such as lack of bladder sensation and weakness of 
the sphincters assume a lesser importance. The presence of 
chronic urinary infection is regarded as of little significance, while 
in male patients it is felt that prostatic enlargement is seldom a 
determining cause of incontinence. The action of adrenergic 
drugs and other methods of treatment for urinary incontinence are 
then discussed with the somewhat disappointing, but not unex- 
pected, conclusion that all are somewhat limited in scope and 
effect. Similar chapters dealing with the rectum and faecal 
incontinence follow. 

The second portion of the book deals with the author’s investi- 
gation into the aetiology of incontinence—a work of considerable 
importance both on account of its comprehensiveness and the 
painstaking methods employed. In the first place cystometro- 
graphic studies (and similar studies of rectal and anal sphincter 
pressures) are recorded in a number of incontinent patients, the 
senile incontinent bladder showing manifestations of hypertonicity 
and hyperexcitability. Similar findings, with modifications deter- 
mined largely by the difficulty in drawing a direct anatomical 
comparison, are described in the case of the lower bowel. These 
conclusions are, however, open to criticism on account of the 
paucity of controls, although they fit in well enough with the 
author’s thesis. Turning now to a clinical survey of 312 inconti- 
nent patients in five hospitals, the author furnishes some important 
statistics bearing on the aetiology of the condition. From these it 
appears that organic nervous disease (chiefly cerebral thrombosis), 
mental confusion (senile and presenile dementia), and arterio- 
sclerosis are the most common predisposing factors. The dangers 
of becoming bedfast are reiterated and a critical review of the nurs- 
ing methods commonly adopted is appended. Finally, a more 
detailed study of 100 incontinent patients substantiates the views 
previously expressed. 

The last portion of the book is perhaps of the greatest practical 
importance, in that it makes constructive suggestions for the 
reorientation of existing methods of treatment. The importance 
of rehabilitation is well established in geriatrics, and it is stressed 
that much may be done by encouragement and the provision of 
suitable facilities for semi-ambulant cases. In the case of the 
bedridden, the author has been at considerable pains to reduce the 
wastage of time and material occasioned by the continued soiling 
of bed linen and the need for its repeated changing. His experience 
with the use of plaster beds and moulded wooden beds lined with 
Dunlopillo rubber, with a perineal aperture to allow the escape of 
excreta, is encouraging, and full details of construction are given. 
It is earnestly to be hoped that, in cases where preventive measures 
and re-education fail, further trials of this method may result in the 
production of a standardized moulded frame suitable for universal 
adoption. 

Finally, with regard to the production of the volume as a whole, 
it may be said that the format is excellent, the type clear and the 
paper of high quality. The illustrations are well chosen and the 
chapters are set out with clarity and conciseness. No difficulty 
need be expected in maintaining interest to the end in what might 
be preconceived as an unpalatable and ill-rewarding study. 


J. D. Fergusson 


Endocrine Diagnosis 


H. Ucko. London: Staples Press, 1951. xvi + 513 pages ; 
84 figures. 22 x 15cm. £2 2s. [£2.1] 


The term “‘ encyclopaedic ”’ is barely sufficient to describe this 
book, which is clearly the outcome of very wide endocrinological 
experience. It is divided into two parts and has a useful addendum 
of stop-press reports on the literature of 1949 and 1950, so that it is 
not so much behind the times at publication as are many works 
which deal with such a rapidly progressive subject as endocrinology. 

Part I deals in great detail with the points of family history, past 
and present history, symptomatology and clinical findings of the 
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various bodily systems upon which the endocrine glands may have 
a bearing. Pages 64 to 71 contain in tabular form the endocrine 
causes of various specified symptoms, but it is doubtful whether the 
labour has been worth while, for so many symptoms may apparently 
be caused either by overactivity or by underactivity of so many 
endocrine glands. In Part II the endocrine diseases are treated 
separately, and this necessarily entails much repetition of the 
material in Part I. The accounts given are orthodox, detailed, 
and accurate. The photographs are good, but it is a pity that 
reproductions of skull x rays are almost uniformly poor, in that the 
sella turcica and clinoid processes are seldom visible and so fail to 
illustrate points in the legends. The index is excellent and em- 
phasizes the vast amount of information available. The text, 
however, is so concentrated that the book makes heavy going and 
some sentences tend to be torrents of endocrine jargon. For 
example (p. 274) : 


The gonadal intersex has abnormal gonads and consequently disturbances 
relative to sex hormone production, fertility, menstruation; the genital 
intersex presents more or less extensive abnormalities of the reproductive 
organs ; the morphological type has normal gonads and genital organs, but 
noticeable intersexual and heterosexual general traits; the pure psycho- 
logical intersex is characterized by a homosexual libido, heterosexual manners 
and activities without detectable physical abnormalities, but only few homo- 
sexuals are true psychological intersexes. 


One cannot imagine students, general practitioners, or those with- 
out considerable knowledge of endocrinology being able to stomach 
much of this, but to those with a special interest in endocrinology 
the book should be of definite value. The spelling of certain words 
—‘ fontanel ’’, “* electrolite ’’, “* sebacious ”’, ‘* hyperchlorhydia ”’, 
“* avaluation ’’—is, to say the least, unusual and, in the reference to 
Bastenie on p. 316, the author’s name is misspelt in the text and foot- 
note. It is, of course, easy to pick out such slips in a book of this 
size and concentration, and to do so does not detract from its 
basic merit. It may certainly be regarded as an outstanding effort 
and, had treatment also been dealt with, it might even have become 
a standard work. 
Laurence Martin 


The Results of Radium and X-Ray Therapy in 
Malignant Disease 


wep bene Third Statistical Report from the Radium Institute, 
the Christie Hospital and Holt Radium Institute, Manchester. 
Years 1940 to 1944 inclusive assessed at 5 years and 1934 to 
1938 assessed at 10 years.) Compiled by Ralston Paterson, 
Margaret Tod & Marion Russell. Edinburgh: E. & S. Living- 
stone Ltd., 1950. 167 pages; 1 plate. 25 x 16 cm. 
10s. 6d. [£0.525] 


This is the third report from the Christie Hospital and Holt 
Radium Institute, Manchester, and is even more impressive than 
the first two. It deals with the five years 1940-44 and is concerned 
with the very large number of more than 15,000 cases registered 
during that time. Of these, excluding 1,824 cases of basal cell 
carcinoma and also excluding recurrent cases and patients referred 
for follow-up from other treatment centres, there remain 9,872 new 
cancer cases. At least half of these were advanced cases and yet 
the survival rate of all these patients, corrected for the possibilities 
of dying by other agents than the cancer for which they were 
treated, is 33% at five years. This implies that nearly 3,300 patients 
were alive after five years. How many of these would have died if 
not treated is an impossible figure to determine, but the number 
surviving and the statistics from which these figures are produced 
are a tribute alike to the organization and to the treatment given, as 
well as to the system of dealing with the notes. The report starts 
with an introduction which includes a historical survey, and 
accounts of the conditions under which the cases were treated and 
of post-war developments of both routine and research organiza- 
tion. The latter includes physical, biological and biochemical 
branches. A survey of the material presented includes a discussion 
of the statistical method used ; the importance is stressed of sim- 
Plicity, the showing of all relevant figures and the necessity for 
absence of bias in presenting results. Age is taken account of, so 
as to provide a corrected—in addition to the crude—survival rate 
in all tables. Even with these tables, it is difficult to assess the 
value of treatment, as data are not available for untreated cases and 
it is impossible to assess the value of various techniques because of 
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the selection of patients for various methods of treatment according 
to their condition, both local and general. This is no criticism, 
since it is obviously good clinical practice. It is merely an indica- 
tion of the desirability for some organization to enable techniques 
to be compared where doubt exists as to their relative value, since 
even these admirable data cannot provide the information. In 
general, radium moulds or implants seem to be regarded with 
higher favour than x-ray treatment, and no more success than usual 
is obtained with the black spots of cancer: radiotherapy of 
oesophagus and lung. The results of treatment of skin and lip are 
extremely good and those of other sites encouraging. For instance 
42% of early cases of cancer of the mouth live for five years, but 
only 7% of the late cases. The need for early diagnosis as the 
major necessity for curing cancer emerges similarly in all the tables. 
As representing the work of a radiotherapy department which is 
second to none, an indication of any morbidity due to radiation 
would be useful. The tables for 10-year survival for certain sites 
are useful affirmation of the long-term value of the methods used. 
It would be of great value if necessary facilities could be provided 
for producing similar tables for all radiotherapy centres and even 
for all cases of cancer. 
F. Ellis 


Researches on the Radiotherapy of Oral Cancer 


Constance A. P. Wood & J. W. Boag (with P. Howard-Flanders, 
A. Gliicksmann, L. H. Gray & F. G. Spear). London: His 
Majesty’s Stationery Office, 1950. (Medical Research Coun- 
cil Special Report Series No. 267.) 148 pages. 24 « 15cm. 
12s. 6d. [£0.625] 


This Report can be regarded as the successor to that on beam 
therapy research (Medical Research Council Special Report 
Series No. 231), published in the same series in 1938. It is largely 
the work of C. A. P. Wood & J. W. Boag and is presented in five 
sections. 

The first and largest of these concerns itself with the main object 
of the research, which was to discover whether gamma radiation 
from a radium beam unit was more effective than x radiation at 
ordinary therapeutic voltages in causing tumour regression. To 
this end, relatively superficial cancers situated in the mouth and 
throat were selected and an x-ray therapy plant, operated at 185 kV., 
was specially adapted so that the isodose curves and dosage rates 
approximated those of a 10 g. teleradium unit. With the exception 
of the wavelength of the beams, all the treatment factors were thus 
as nearly identical as possible. The main differences noted between 
the two methods were that with x radiation skin reactions developed 
more rapidly and were more severe, and that tumour changes 
were detected earlier and were more rapid, than was the case with 
gamma radiation. For the same visible skin reaction, the ratio of 
gamma-ray dose to x-ray dose was estimated to be 1.34. As far 
as results of treatment were concerned, the authors were unable to 
find any statistically significant difference between the two methods 
of treatment. This section includes an admirable account of a 
dose contour finder devised by P. Howard-Flanders, which has the 
double advantage of giving dose distributions in the tissues and 
assisting in the optimal selection of fields for treatment. 

The second section furnishes an account of the histological 
studies carried out by Dr Gliicksmann & Dr Spear. A brief 
general account of the direct and indirect actions of radiation and 
the types of response to radiation are given ; and, using the special 
serial biopsy method developed at the Strangeways Research 
Laboratory, Cambridge, these workers have attempted histological 
prognosis in the cases examined and have also correlated this 
prognosis with the clinical result. The predictions were found to 
have an accuracy of 88?,—a notable achievement indeed. From 
a second investigation, they conclude that differentiated epithelio- 
mata of the oral cavity respond better to radiotherapy than do 
anaplastic lesions and that, in addition, the latter are more fre- 
quently associated with metastases at the beginning of treatment. 
This section is extremely well presented and documented; a 
major criticism, however, is that no comment or comparison is 
made concerning the cases treated by radiation of one quality as 
opposed to the other. 

The third section contains a statistical analysis of the history, 
physical signs and response to treatment of cases of cancer of the 
mouth and throat treated between 1934 and 1945. Whilst its 
proper understanding demands knowledge not usually possessed 
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by medical men, it nevertheless proves an outstanding example of than does the primary growth, the physical records analyzed might 
the important part an expert statistician can play as a member of a not have been somewhat misleading. 
team investigating a clinical research problem. Finally, section V deals with future research in radiotherapy, 
Section IV offers conclusions and summarizes the preceding discussing in particular the possibilities of large teleradiation units, 
sections ; in particular, the conclusions drawn from the statistical containing cobalt 60, and supervoltage x-ray therapy. There is 
study comprising section III are fairly simply stated. It must be also a short contribution by Dr L. H. Gray on the use of radio- 
obvious that, in his search after truth, the statistician is dependent active isotopes, and there are two appendices of statistical interest. 
on the accuracy of the material with which he is provided, and one Taken as a whole, this report must be regarded as a remarkable 
cannot help wondering whether, in reaching the surprising conclus- achievement and an excellent example of the high standard attained 
sion that lymph node deposits offer no greater resistance to radiation in British radiotherapeutic research. 


M. Lederman 
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The Contribution of Surgery to Preventive Medicine Recent Advances in the Physiology of Vision 

James Learmonth. London: Geoffrey Cumberlege, 1951. I a > J. & ery “ey 

(University of London Heath Clark Lectures, 1949.) 55 pages. xii + Pages ; iustrations. x cm. S. 

22 x 14cm. 12s. 6d. [£0.625] [£1.25] 

: eP a ’ ae There are 70 sections in this book and each one is stamped with 

A —— wenger od ‘on “4 pone ana agen ng ng by hes the characteristic enthusiasm of Professor Hartridge. The sections 

ans Cone, 5 : : — are grouped into eight chapters and reference is made to all the 
lectures for 1949 are republished in this small volume, clearly principal advances in our knowledge of the visual pr s. The 
recognizes this. Indeed, only if the definitions of surgery and of author has tried to make each chapter complete in itself, giving a 
preventive medicine be made so wide that they exceed the usually sufficient description of older work in order that the more recent 
understood limits of these terms does any such association become advances might be presented with the greater clarity. There are 
really clear and only then can the — of an essentially about three hundred references to the literature and the majority 
— fod is wenn «4 ee aot of these refer to work published during the past decade. The first 
pmpaeeraahy - P “ y - three chapters are concerned respectively with the basi¢ properties 
the greatest impetus to that study has resulted from modern surgery. 


ie see of vision, the perception of shape and size, and the modern methods 
In the narrow sense of accepted definitions, clinical surgery has of investigation of visual function. 
made so little contribution to the prevention of the occurrence of The ‘cluster’ hypothesis developed by Hartridge postulates that 
disease in normal persons that Sir James can find only very few 


c ] there are three types of receptor for red, green and blue respectively ; 
illustrative examples, and at least one of these, the work of Robert these are arranged by chance or at random in the Gtagne retina, 
Jones and of Agnes Hunt in the establishment of preventive ortho- but the cluster pattern present at birth remains throughout life. 
paedic clinics, could as easily be quoted as an example of the These retinal receptors have different spectral responses and 
contribution of the ideas and technique of preventive medicine to Hartridge maintains that it is possible to ascertain both the position 
surgery. Sir James's other examples of direct contributions are and the shape of certain of these clusters. Some receptors present 
even less convincing, but when he speaks in a much wider sense he in the clusters are of particular importance in relation to fixation. 
shows very thoroughly how preventive medicine shares in the debt He thinks that there are more fixation points than three, probably 
that all medicine owes to surgery. It can, after all, be fairly claimed as many as seven. An ingenious microstimulator apparatus is 
that it was surgery and surgeons who introduced science and the described with which experiments were made suggesting that there 
scientific method into the study of disease. Sir James makes much are seven different varieties of receptor. This would be comparable 
of this theme and indeed of an even more fundamental one, for he to the seven different receptors in the retinae of lower mammals 
proceeds from considering the contribution of Hunterian surgery postulated by Granit, using his microelectrode methods ° 
to all medicine to a discussion of the philosophic bases of scientific There are chapters on the perception of colour and on colour 
surgery, going back to the qualities laid down by Bacon as necessary 


¢ - a vision theories. These are followed by discussions of the neurology 
to a seeker after knowledge. It has been the surgeon’s application of vision, certain properties of the structures of the eye and general 
of these Baconian principles which is Sir James's chief concern, for sections on the appreciation of light and colour. There are many 
he holds this to have been the greatest contribution which his stimulating and provocative ideas within the text and the author 
branch of medicine has made to its fellows. ; is to be congratulated upon the clarity of his exposition of orthodox 
The contribution of surgery to bacteriology, notably in the and accepted teaching; but the reader must be warned that the 
development of the work of Lister, is fully discussed, though this lucid accounts in the more speculative sections must be read with 
carries less conviction than the exposition of Baconian principles. considerable care. The book is admirably produced and the many 
The lectures lead naturally to a discussion of the future of surgery line drawings are a most attractive feature. 
and of the future of its association with preventive medicine. The 
academic discipline imposed by the study of surgery upon those 
training as “ preventive mediciners”’ (an ugly term, surely very 
little better than the epithet “* public healers ’’) is also considered 


W. J. B. Riddell 


and the need for further association between these two branches Injuries to the Ankle 

is discussed. J. Grant Bonnin. ; London : William Heinemann Medical Books 
These lectures are not easy to read. They were written to be Ltd., 1950. xvi + 412 pages; 399 figures. 23 x 14 cm. 

spoken. They certainly cannot be read quickly, but those who £3 3s. [£3.15] 


are interested in the philosophy of surgery and in the considered 
opinions of leaders of modern surgery should not be seekers after 
easy reading and popular presentation. They will read this small 
book to their considerable profit. 


This book, based on the author’s personal observation over the 
past decade, constitutes the first comprehensive monograph on 
recent injuries to the ankle to be published in the English language. 
Whilst paying homage to Pott, Astley Cooper, Lane and Ashurst, 
D. LI. Griffiths the historical survey, which serves as a prelude to the main text, 
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reveals the French origin of much of the earlier work on ankle 
injuries, emphasis being laid on the contributions of Maisonneuve 
and Dupuytren. 

A valuable chapter on the radiological investigation of the injured 
ankle is included; in this, specialized techniques to demonstrate 
difficult ligament injuries are described. There is considerable 
original discussion of the mechanism of production of the various 
injuries described, and the author illustrates his argument by clear 
line diagrams and radiographs. Special emphasis is laid on the 
diagnosis and treatment of tibiofibular diastasis and one notes the 
rare indication for screw fixation of the diastasis itself. The review 
of injuries and dislocations of the talus is very complete, and the 
need for early skilled attention to these injuries is stressed. 

The production of the book leaves little to be desired, although 
one would like some of the photographs to be enlarged so that the 
detail necessary to illustrate the particular points would be more 
apparent. This will no doubt be remedied in future editions of the 
work, which will be a standard reference book for surgeons for 
many years to come. 

A. Naylor 


Injuries of the Knee Joint 


I. S. Smillie. Second edition. Edinburgh: E. & S. Living- 
stone Ltd., 1951. x + 391 pages ; 451 figures. 25 x 17cm. 
£2 10s. [£2.5] 


This is a comprehensive monograph based on the author’s ex- 
perience of over 9,000 cases. Clear, concise descriptions are given 
of all injuries and wounds in the region of the knee, special attention 
being paid to injuries of the menisci and ligaments. The author’s 
own method of replacement of a torn cruciate ligament by a menis- 
cus is described and reviewed in the light of further experience 
gained since the publication of the 1st edition of this book, mention 
being made of Helpt’s use of medial transference of the tibial 
tubercle and quadriceps insertion in such injuries. Controversial 
points are adequately and forcefully discussed in a very convincing 
manner, backed by a wealth of experience and statistics. 

Faultless illustrations and production assist in making this book 
a surgical classic which should be read by any surgeon who aspires 
to the treatment of knee injuries. 

A. Naylor 
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An Introduction to the Study of Viruses 


Kenneth M. Smith. London: Sir Isaac Pitman & Sons Ltd., 
1950. ix -+ 106 pages; 16 plates. 22 x 14 cm. 10s. 6d. 
[£0.525] 


Animal and plant viruses are not perhaps considered together as 
often as might be profitable and this book represents an attempt to 
review simultaneously these two large and rapidly growing subjects. 
However, in spite of the authoritative approach to plant viruses and 
reference to much of interest in connexion with those of medical 
and veterinary importance, a book of only some 100 pages can 
scarcely be sufficiently comprehensive to provide a satisfactory 
introduction to the field of viruses as a whole. 

Although an attempt has been made to deal as fully as possible 
with animal, bacterial and plant viruses, the result is not altogether 
successful. Those of animal origin are considered particularly in 
connexion with techniques and studies applicable to plant viruses. 
The book is thus mainly concerned with the transmission of viruses, 
(undue emphasis being placed on the importance of arthropod 
vectors), with purification methods and with chemical and electron 
microscope findings. Serology and control methods are considered 
only very briefly. 

The failure to achieve an even balance is illustrated by the very 
detailed descriptions of the purification of tobacco mosaic, turnip 
yellow mosaic and influenza viruses, while little or no reference is 
made to the staining of rickettsiae and the larger viruses, to charac- 
teristic histological changes in virus infections or to the antigenic 
complexity of many of these agents. More than a page is devoted 
to the preparation of antisera in rabbits, although the practical 
es of serology in human virus diseases are barely indi- 
cated. 

In general the book gives some idea of the extreme diversity of 
our knowledge of viruses in a readable but cursory account, and the 
photographs are excellent. Nevertheless, this small volume fails 
to do justice to the subject and, as an introduction to it, its useful- 
ness is likely to be limited. 

C. F. Barwell 


Textbook of Physiology and Biochemistry 


George H. Bell, J. Norman Davidson & Harold Scarborough. 
Edinburgh : E. & S. Livingstone Ltd., 1950. x + 918 pages ; 
55 figures. 24x 17cm. £25s. [£2.25] 


A new textbook of physiology and biochemistry must compete 
with some formidable rivals. A physiologist, a biochemist and 
a clinician have nevertheless produced a fresh work of outstanding 
quality. Its main characteristics might be described as lucidity, 
completeness and the capacity to stimulate interest. The authors 
have displayed an unusual degree of awareness of students’ diffi- 
culties, which indicates considerable experience both as teachers 
and examiners. Important and difficult concepts are stressed and 
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lucidly explained without undue interference with the general 
continuity of the text. 

The large amount of space given to biochemistry in this book may 
at first sight evoke some misgiving, which on consideration, how- 
ever, seems hardly justifiable in view of the title. The reader may 
wonder whether the elaborate treatment of muscle glycolysis or the 
inclusion of a description of oxidation-reduction potentials may 
affright the average student. However, the clarity of the exposition 
seems to offset any such possible disadvantage. The emphasis on 
results obtained with isotopes in intermediary metabolism is a 
welcome feature. Diagrammatic representation of metabolic 
pathways has been used very fully in the chapters on protein, 
carbohydrate and fat metabolism, and the results are wholly satis- 
factory. A desirable attribute in the authors is their readiness to 
admit the incompleteness of data and theories. The discrep2nt 
data given for electrophoretic plasma protein concentrations in 
normal blood are noted as well as the inadequacy of theories 
explaining “* second wind” and of the hypothesis that relaxation 
in muscle is an active process, involving elongation of myosin 
molecules. The authors have taken pains to consult original 
publications and have reproduced interesting and informative 
illustrations from them, such as Bowman’s drawings of the mal- 
pighian bodies, and photographs of the dissected kidneys injected 
with rubber latex, from the work of Trueta and his colleagues. 
Usually-neglectec sources of information have been consulted, as 
may be instanced by the reproduction of tracings of footprints in 
cerebellar dysfunction, from Luciani’s textbook of human physiology. 
Despite the general excellence of the illustrations, the space allotted 
to these appears to be too lavish. Although the price of the book 
is by no means prohibitive by modern standards, it seems likely 
that greater economy in presentation of plates and diagrams would 
reduce the cost. 

As in all textbooks, some sections are fuller than others, but it is 
very difficult to criticize this book on the grounds of inadequacy in 
essentials. Many points of practical interest are clearly and 
concisely described. The principles underlying renal clearance 
tests are admirably explained. The rhesus factor and its implica- 
tions can be quickly grasped. The section on respiration contains 
a useful chart showing the rates of elimination of carbon monoxide 
from the blood during various forms of treatment and sensible 
directions for the performance of artificial respiration. Nutri- 
tional problems are discussed with a wealth of information gleaned 
from the numerous surveys of recent years. 

This textbook may be confidently recommended. It appears to 
be quite adequate for candidates for the second M.B. examination ; 
it is easy and interesting to read and remarkably modern in its 
approach to the subject. Moreover the richness of diagrammatic 
representation renders the text capable of rapid revision. The 
authors are to be congratulated on the success of their combined 


effort. 
E. F. McCarthy 
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Insects and Hygiene : the Biology and Control of 
Insect Pests of Medical and Domestic Importance 
in Britain 

James Busvine. London: Methuen & Co. Ltd., 1951. xiv + 
482 pages ; 58 illustrations. 22 x 14cm. £110s. [£1.5] 


Those who are not entomologists are often surprised that 
insects are of considerable importance economically, and it is not 
generally realized how much damage they cause, even in a temperate 
climate. Dr Busvine’s admirable book, which contains a great 
deal of information that hitherto has not been available to the 
non-specialist, should enable one to identify and advise on the 
control of the domestic insect pests of Britain. The first 70 pages 
give an account of such facts about insect biology and insecticides 
as are necessary to enable non-entomologists to use the rest of the 
book with profit. 

All the major insect and arachnid pests of food, waste products, 
clothing and timber are illustrated and described, and control 
measures are suggested. A series of keys simplifies the identi- 
fication of any domestic insect pest of importance likely to be 
found in Britain. Medical men will be particularly interested in 
the chapters on ectoparasites, blood-sucking flies, stinging and 
biting insects, houseflies and blowflies. 

The book includes a good series of references, and no fault has 
been found with the index, which is of such importance in a book of 
this nature. There are two appendices: a biological one and a 
chemical one. The first includes some information on technique, 
an outline of insect classification and a series of keys; the second 
gives details on how the concentration of certain commonly used 
insecticides may be estimated, and lists the available insecticides, 
emulsifiers and repellents, giving details of their composition when 
available. 

It is to be hoped that in future editions of this book some of the 
illustrations, e.g. fig. 51, will be improved. The addition of a 
separate chapter on insects of veterinary importance would be of 
value. 

Fergus J. O’Rourke 


Methods of Tissue Culture 


Raymond C. Parker. With a chapter by Joseph F. Morgan. 
Second edition, revised. New York: Paul B. Hoeber, 1950 ; 
London: Cassell & Co. Ltd., 1951. xxiv + 294 pages ; 73 
figures. 24x 16cm. £217s. 6d. [£2.875] 


To those who, like the reviewer, need to make occasional use of 
the tissue culture technique for the investigation of special problems, 
this book should prove virtually indispensable. The Ist edition was 
mainly confined to a description of the methods used in Carrel’s 
laboratory at the Rockefeller Institute for Medical Research in New 
York. The value of the book has been greatly increased by in- 
cluding methods used in other laboratories. 


To the non-expert, and probably even to many experts as well, 
the detailed description of almost every practical procedure, such 
as construction of apparatus, sterilization, preparation of solutions, 
bleeding of animals, etc., should be specially valuable. Nothing is 
left to chance, and there seems no reason why anyone should fail to 
achieve results if the clear instructions are followed. The specialist 
will, no doubt, criticize some methods as either too simple or un- 
necessarily complicated. Thus, the very elaborate precautions for 
assuring sterility are not followed in all laboratories. The photo- 
graphs of workers in black gowns, hoods and masks, though im- 
pressive, may tend to frighten the beginner. On the other hand, 
no mention of the possible use of antibiotics is made. 

In addition to the description of. the various types of tissue 
culture methods, there are chapters on growth measurement, 
histology and photomicrography. The book is very well produced 
and is clearly written, though some sections, notably the discussion 
of osmotic pressure and isotonicity, are loosely worded. The photo- 
graphs of apparatus are good, but it is surprising to find not a single 
phase-contrast photograph of cells in a book published in 1951. 
Let us hope this will be remedied in future editions. Despite these 
minor criticisms and the rather inflated price, this book can be 
warmly recommended. 


R. Barer 
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Atlas of Mahfouz’s Obstetric and Gynaecological 


Museum. Volumes II & Ill 


Naguib Pacha Mahfouz. Altrincham : John Sherratt & Son, 
1949. Vol. Il: xiv + 442 pages; 240 illustrations. 25 x 
19cm. Vol. Ill: xiv + 416 pages ; 254 illustrations. 25 x 
19cm. £9 9s. [£9.45] the set of 3 volumes 


Volume II of this work, which has recently been received for 
review in the Bulletin, maintains the high standard of Volume I. 
The superb printing and illustrations worthily reproduce the vast 
clinical material which we have already noted in the review of the 
previous volume.?. In Volume II Mahfouz deals with abnormal 
implantation of the ovum with special reference to extra-uterine 
gestation. There are some remarkable illustrations of full-term 
tubal pregnancies. Next comes an excellent chapter on puerperal 
infection, but the most memorable chapter is on urinary and 
faecal fistulae. The outstanding experience of Mahfouz in a 
country which is rich in’ the production of this type of injury is 
brilliantly illustrated and some of his personal operative procedures 
are clearly depicted. His experience in the repair of urinary fistulae 
must be second to none in the world and therefore his opinions 
and teaching are of particular value. In diseases of the vulva and 
vagina the illustrations on bilharziasis are of great interest, though 
naturally this condition will rarely be met with in European coun- 
tries. The chapter on fibromyomata is a model of concise writing 
and illustrates almost every possible complication that may be met 
with in this tumour. The chapter on venereal disease is short and 
disappointing, for one would have expected that a greater clinical 
material would have been available for illustration. 

Volume III is probably the best volume of all. It comprises 
four chapters. The first, on endometrioma, is richly illustrated both 
macroscopically and microscopically, and the pathology of this 








® See Brit. med. Bull. 1950, 6, 377. 
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interesting tumour is discussed. Adenomyosis interna is well 
depicted. The next section, on malignant tumours of the uterus, is 
excellent and the coloured illustrations are of a very high order. 
The third chapter, on ovarian cysts and benign and malignant 
tumours of the ovary, is amongst the best in the book and the 
teaching of Mahfouz in this subject is in line with the best and most 
modern ideas. A rich and splendid catalogue of almost all known 
Ovarian tumours is given. Some of these rarer ovarian tumours 
are of great interest and the histological illustrations are excellent. 
The final—and I think the most fascinating—chapter in the book 
deals with foetal abnormalities and anomalies, with special refer- 
ence to the obstetric complications encountered when dealing with 
such cases. The pathology of these abnormalities of the foetus 
follows the general teaching of Ballantyne, and here again the 
illustrations are excellent. 

To summarize: These three volumes, which comprise a compre- 
hensive catalogue of one of the biggest personal museums of 
obstetrics and gynaecology in the world, must have cost the author 
an incalculable amount of patience in collection, industry in com- 
pilation and expense in production. There is something Hunterian 
about the work and every page bears the stamp of the genius and 
industry of Mahfouz. The style is stimulating and easy to read 
and will appeal to teachers and specialists as well as to the most 
humble student. It is difficult to criticize this work, but there are 
two small points worth mentioning. First, the rather numerous 
spelling mistakes occurring in the English and the classical names 
of diseases should be corrected; and secondly, perhaps Mahfouz 
should curb his enthusiasm and not produce quite so many pictures 
of the same disease process, so that he may have room to expand 
his subject-matter in some of the diseases which he has rather 
compressed, such as venereal disease, in which subject he must, of 
course, be able to draw upon a very large experience. 


John Howkins 
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CHILD HEALTH 


Disease in Infancy and Childhood 


Richard W. B. Ellis. Edinburgh: E. & S. Livingstone Ltd., 
1951. vii + 695 pages; 300 illustrations. 25 x 16 cm. 
£2 2s. [£2.1] 


This textbook is appearing for the first time and we wish it well. 
Professor R. W. B. Ellis, who is the sole author, is Professor of 
Child Life and Health in the University of Edinburgh, and is to be 
congratulated on his single-handed achievement. Although it is 
not stated in the preface, the book is obviously written for the 
undergraduate student. The close association of paediatrics with 
obstetrics and antenatal care has rightly been emphasized because 
the highest mortality occurs in the neonatal period. Nevertheless 
it is salutary to remember the relationship of paediatrics to general 
medicine : paediatrics is general medicine with an age limit. The 
physical signs and methods of eliciting them do not necessarily 
change with age but their significance often does. The growing 
child responds to disease and infection differently from the adult, 
whose tissues are already undergoing degenerative changes. This 
is, however, only one of the reasons for dealing with disease in 
childhood separately from disease in adults. 

The book will be found adequate and complete enough both for 
the undergraduate student and for the young general practitioner, 
and there is an exemplary economy in words. The opening 
chapter, on history-taking and clinical examination, is written in 
an easy style and emphasizes the importance of acquiring facility 


in these arts, which in recent years have tended to be overshadowed 
by laboratory tests carried out under the guise of physical examina- 
tion. There are two chapters on the social, environmental and 
constitutional factors in disease, dealing philosophically with the 
social problems which are looming larger and larger in modern 
medicine. Following this, the author deals with newborn infants, 
with congenital malformations and with the various diseases. The 
latter are grouped, not according to systems, but according to 
disorders and the results of interference with function, such as 
disorders of nutrition and digestion, disorders of storage and dis- 
orders of growth and development. The infectious fevers are 
dealt with briefly and disorders of behaviour are given in a special 
chapter, although it is obvious throughout the book that the author 
is conscious of the importance of psychological factors in all! 
diseases. The last chapter is on procedures and therapy, and in- 
cludes notes on the use of the various antibiotics. 

By way of criticism one might suggest that too much space is 
given to congenital abnormalities, although the excellence of the 
illustrations could be held to justify this. Also, in the interests of 
the practising physician, more might be said about the treatment of 
the common diseases seen in childhood, such as infantile diarrhoea 
and nephritis. 

The book is well written and beautifully illustrated throughout, 
and it is well printed on excellent paper. A short but valuable 
bibliography is given at the end of each chapter. Its popularity 
seems assured. 

Stanley Graham 





PATHOLOGY & BACTERIOLOGY 


The Principles of Pathology 


R. A. Willis. London: Butterworth & Co. Ltd., 1950. 
xi + 667 + 55 pages; 289 figures. 25 x17 cm. £2 10s. 
[£2.5] 


The publication of this textbook of pathology coincided with the 
appointment of its author to the important undergraduate teaching 
Chair of Pathology in the University of Leeds and occurred only 
two years after the appearance of the same author’s compendious 
monograph on the pathology of tumours. Professor Willis tells us 
that in this book he “* aims to embrace the whole of pathology, at 
least as far as a senior medical student can reasonably be expected 
to assimilate it’; and it must be with this declared limitation in 
mind that the reviewer approaches his task of assessment and 
criticism. 

It must be said at the outset that the book belies, or exceeds, its 
title: only a very small proportion of the volume is taken up with 
the exposition of principles, the greater part being occupied by 
ordinary descriptive pathology. The traditional subdivision into 
general and special pathology has been eschewed and instead the 
“* descriptions of lesions in the various organs are included in the 
accounts of the general processes and principles which they exemp- 
lify.” This arrangement, while having perhaps some theoretical 
attractions, is not an unqualified success in practice: the reader 
finds himself constantly having to consult the index to follow out 
even the most immediate ramifications of a given subject ; and the 
author for his part finds it necessary to indulge in long digressions 
from the main subject of the chapter. To give but a few examples, 
rheumatic endocarditis is described in Chapter VII but discussion 
of rheumatism as a disease is delayed until Chapter XXII; while 
in order to read about the different forms of jaundice the student 
must turn up no less than 13 references from the index—although 
certainly there is a brief summary forced rather artificially into the 
chapter on nutritional and metabolic disturbances. Similarly, the 
discussion of the causation, effects and sequelae of peptic ulceration 
has to be interpolated into the chapters on inflammation, and it 


Vol. 3 No. 1 


97 


may be the author’s sensing that the design of his book is being 
interrupted which has led to the rather inadequate character of 
these discussions. Chapters on bacteriology and immunology 
have been introduced, though Professor Willis is careful to point 
out that he has no intention of supplanting textbooks of bacteriology 
and chemical pathology. One cannot escape the feeling that it 
would have been wiser to have omitted these sections altogether 
and so to have gained space for a fuller account of some of the 
more controversial aspects of pathology. 

Every teacher of pathology—indeed, every teacher in any branch 
of medicine—must at some time face the problem of whether to 
make his teaching dogmatic, precise and factual, even at the expense 
of accuracy: or on the other hand, to present in his teaching the 
different points of view and the arguments supporting them and 
to guide his pupils’ steps amongst the hazards of conflicting evi- 
dence. The first course is the most popular with students, for it 
provides them with readily assimilable facts which usually prove 
adequate for examination purposes; but it is not to be assumed 
that students always know what is best for them and this course 
may involve the teacher in more intellectual dishonesty than he can 
stomach. The second course, however, may well result in the 
teaching becoming so vague that the unfortunate student is left 
with nothing beyond the conviction that pathology is a very con- 
troversial subject. In practice, of course, some compromise 
between these two approaches is reached and the nature of this 
compromise must be an important factor in determining the 
character of the teaching. There can be no doubt that Professor 
Willis has taken his stand far on the side of dogma. For him there 
are rarely any doubts to be entertained as to the correct interpreta- 
tion of the observed facts—or, if there are, then he does not let 
any inkling of his doubts reach his students. (Surely he cannot 
believe that human diabetes is “* due to deficient secretion of insulin 
by the islets of Langerhans”’ !) 

A further problem which confronts the teacher is whether he 
should frame his teaching primarily for the 70 % of average students, 
the 20% of poor ones, or the 10% of good ones. No doubt 





PATHOLOGY & BACTERIOLOGY: REVIEWS 


concentration on the weaker vessels will produce the highest percent- 
age in the examination pass lists: but is this course fair to the better 
student who, consciously or subconsciously, demands something 
more from higher education than mere injection with the ephemeral 
tenets of his student years? Yet the teacher who concentrates 
upon stimulating his more thoughtful pupils to deeper consideration 
of the principles of the subject may well fail to provide the bulk of 
his class with the factual basis for practice—and for examinations. 
Once again compromise is called for; and Professor Willis has 
struck his compromise distinctly on the side of the weaker group. 
His book rarely goes beyond essentials, and such knotty problems 
as reticuloses are dealt with by the simple expedient of omitting 
all mention of them as such. They are in fact incorporated with 
recticulosarcoma, lymphosarcoma, Hodgkin’s disease and lym- 
phatic leukaemia. There is no doubt much in favour of this view, 
but surely the student should be informed of what is being done, 
for he is certain to meet with the term reticulosis in his subsequent 
clinical teaching and reading. It is a pity too—though perhaps 
dictated by the need for economy of space—that accounts have not 
been included of some of the classical experiments of pathology, 
for such accounts lend vitality to the descriptions and impress 
upon the beginner the dynamic nature of the subject. Appendices 
on certain historical and philosophical aspects serve in some 
degree to redress the balance and provide more food for thought. 

Probably most people who have spent much time and thought 
upon the teaching of their subject feel at some time an urge to write 
a book embodying their ideas of how it should be taught. It might 
be well, however, for the intending writer to pause and consider 
whether there is room for yet another “ one-man” book. Patho- 
logy is a wide and expanding subject and few would claim to be 
able to keep abreast of all its aspects, especially when bacterio- 
logy, immunology, parasitology and chemical pathology are 
encompassed. In the present volume one has only to compare the 
firm and lively handling of the section on tumours with the brief 
and stereotyped descriptions in the chapter on endocrine disturb- 
ances to be reminded of where Professor Willis’s personal interests 
lie. Doubtless “* multiple-author”’ textbooks have their disad- 
vantages—the chief one being the enormous size they tend to 
attain—but they do avoid the uncritical handing on from one book 
to another of routine descriptions in sections where the author has 
no personal experience of the subject. 

Professor Willis’s new book, then, reminds the teacher of the 
problems which confront him and provides an interesting study of 
the methods employed by a renowned authority. For the student, 
for whom it is intended, the book provides a clear and precise 
account, which (except for the section on tumours) he can regard 
as about the minimum he need know for examination purposes. 
The volume is excellently produced and it is a special pleasure to 
find such a profusion of original illustrations. 

T. Crawford 


The Pathogenesis and Pathology of Viral Diseases. 
Symposium Held at the New York Academy of 
Medicine, December 14 and 15, 1948 


Edited by John G. Kidd. New York: Columbia University 
Press ; London: Geoffrey Cumberlege, 1950. 235 pages ; 
figures. 23 x 16cm. £112s.6d. [£1.625] 

This publication consists of 14 papers from the 3rd symposium 
of the Section on Microbiology, held at the New York Academy of 
Medicine. The book is a short one but it presents much that is of 
interest concerning special aspects of the pathology of virus diseases. 
The more stimulating sections are those dealing in a speculative 
way with the broader concepts of virus infection, and in this respect 
the papers by R. E. Shope, C. J. Buddingh, G. Dalldorf, T. F. 
Anderson and F. Fenner call for particular mention. 

Shope deals with facts and problems concerning the epidemiology 
of various animal infections and gives reasons for postulating an 


intermediate reservoir host for hog cholera and rabbit fibromatosis. 
His work on swine influenza is mentioned and is already well known: 
equally interesting and more novel are the descriptions of the 
spread of salmon-poisoning to dogs which consume fluke-infested 
fish and of the probable initiation of bovine outbreaks of pseudo- 
rabies by latently infected swine. 

Although the embryonated hen’s egg is widely used in work on 
viruses, Buddingh emphasizes that much remains to be learned of 
the virus-tissue relationships in this environment. He suggests 
that the varying capacities shown by viruses to multiply not only 
at different sites but at different phases of embryonic development 
may possibly be correlated with the three main types of metabolic 
activity which predominate in different tissues at various stages of 
incubation. This theme is elaborated by reference to the growth 
of vaccinia, equine encephalomyelitis and herpes viruses. 

A number of observations concerning the relationships of viruses 
and cells are reviewed by Dalldorf, who also points to an age factor 
which, for example, influences in different ways the susceptibility 
of mouse tissues to the Lansing strain of poliomyelitis and to the 
Coxsackie viruses. He discusses the inhibitory phenomena shown 
by mucins for influenza virus and by bacterial polysaccharides for 
pneumonia virus of mice and for mumps virus. The interference 
phenomenon is dealt with more fully and some interesting facts, 
possibly related to tissue immunity, are mentioned. 

The behaviour of bacterial viruses is ably described by T. F. 
Anderson, who reviews much recent work on this subject, including 
the important studies by A. D. Hershey on genetic recombinants, 
and his own studies on adsorption cofactors. T. F. McNair Scott 
and his colleagues discuss the pathology of the skin lesions of 
variola, vaccinia, herpes simplex, herpes zoster and varicella: this 
paper is fully illustrated and an attempt is made to clarify present 
opinions as to the various staining reactions which have been ascribed 
to the inclusion bodies of these infections. The applications and 
limitations of histochemical tests are indicated. This is followed by a 
short review by Fenner of his quantitative studies of virus multipli- 
cation in mouse pox, which, he suggests, can be regarded as a model 
for the study of the pathogenesis of human exanthemata. 

Experimental work of considerable interest is described by J. M. 
Pearce in his paper, “* Cardiac lesions produced by viruses.” It 
was found that a pancarditis often made its appearance in rabbits 
in which the testes had been inoculated with virus III after they had 
been submitted to cardiac puncture. Further work showed that 
other procedures causing cardiac anoxia, such as intravenous in- 
jections of gum acacia or injection with pitressin, could condition 
this response to infection not only with virus III but with other 
agents such as vaccinia, pseudorabies and fibroma viruses. The 
cardiac lesions closely resemble those found in man in acute rheu- 
matic fever and it is again suggested that, in spite of evidence to the 
contrary, a virus aetiology in this disease may still have to be con- 
sidered. 

R. W. G. Wyckoff reviews and illustrates some of the findings 
made with the electron microscope in the study of the smaller 
viruses, with particular reference to bacteriophage and associated 
changes in the bacterial protoplasm. A useful survey of viruses 
causing proliferative lesions is presented by J. G. Kidd, the editor 
of the symposium : the distinction is made between infections of 
this type in which necrosis follows hyperplasia and those character- 
ized by an enduring proliferation. It is emphasized that the virus 
of Shope papilloma does not persist in tumours which undergo 
malignant change and that only in relatively few instances have 
viruses been demonstrated in proliferative lesions in man and 
animals. 

The remaining sections are more descriptive than speculative and 
in consequence they are, perhaps, less interesting. However, they 
provide useful and informative accounts, some of which are pro- 
fusely illustrated by excellent photomicrographs. 

As a whole this book can be recommended, since it presents a 
selection of recent studies on the pathology of virus diseases and 
brings together many authoritative opinions on different aspects of 
their pathogenesis. 

C. F. Barwell 
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Modern Trends in Neurology 


Edited by Anthony Feiling. London: Butterworth & Co. 
Ltd., 1951. ix +717 pages; 202 figures. 25 x 18 cm. 
£3 3s. [£3.15] 


This volume is the most recent of the Modern Trends Series. 
It contains 20 chapters, each of which is written by a different 
author. There is something rather artificial about a book of this 
kind, with so many authors, but there is no doubt that it will be 
found a useful work of reference by neurologists, neurosurgeons 
and others. 

Dr Denny-Brown writes an important chapter on the frontal 
lobes, in which he combines modern neurophysiology with clinical 
neurology to make a most instructive review of the subject. Among 
other notable chapters are those on intracranial tumours, by 
D. W. C. Northfield & Dorothy Russell, on myasthenia gravis, by 
S. Nevin, and on diagnostic radiology, by J. W. D. Bull. 

Other chapters are concerned with headache, the cerebral 
palsies of infancy, arachnoiditis, meningitis, poliomyelitis, radi- 
culitis, and syphilis of the nervous system. These and others help 
to make the volume a useful work of reference. 


W. Ritchie Russell 


The Neural Crest : its Properties and Derivatives in 
the Light of Experimental Research 


Sven Hérstadius. London: Geoffrey Cumberlege, 1950. 
viii + 111 pages ; 46 figures. 22 x 14cm. 15s. [£0.75] 


Reluctance to admit a new conception into biological thought 
can often be traced to one of two causes or to a combination of 
both. First, the new conception may threaten to overthrow an old 
one which has become well established and, second, the evidence 
for the new idea may not be conclusive, may be contradictory in 
certain respects and may have been obtained from the study of 
only a few groups of animals. Following von Baer’s work, the 
“* germ layer ”’ theory had become almost a law, so that any new 
idea concerning the importance of the neural crest might over- 
throw it. This new idea, based mainly on amphibian experiments, 
has therefore been given only reluctant recognition. 

The importance of the neural crest and its contribution to the 
developing organism has been stressed by many. Professor 
HOrstadius refers to it as a “ peculiar” structure, and Raven 
called it one of the “ primary organs ” in the development of the 
vertebrate embryo. 

This book sets out to show how our knowledge of the neural 
crest has been obtained, and is a fascinating account of the many 
contributions which have been made in this field. The author does 
not assume a deep knowledge of the subject but gives a correctly 
balanced explanatory introduction. The early part of the book is 
sufficiently illustrated with simple diagrams which achieve their 
purpose, but some of the later figures become somewhat complicated 
and difficult to follow. It is a pity that many of them could not 
have been double their present size. 

Experiments have been clearly summarized and the author, while 
recognizing their fascination and admiring the skill of the workers, 
is reasonably critical of the conclusions which have been drawn. 
Contrary results in xenoplastic and other experiments cast doubt 
on some of these conclusions, and it is clear that juggling with 
different methods does not give consistent answers. The importing 
of species differences to explain discrepancies is not conclusive. 

The author reviews the evidence for the origin of pigment cells 
from the neural crest and considers theories for the distribution 
and control of these cells. A section dealing with the pigmentation 
of plumage and other matters makes part of the book too special- 
ized. Some of this could with advantage have been replaced by 
more consideration of the works of Bartelmez, Evans and Heuser, 
and with more references to the significance of the neural crest in 
mammalian embryology. Streeter, accepting the work of Landacre 
and Stone on amphibians, stated that in human embryos, where the 
cytological difference between neural crest cells and the cells of the 
surrounding mesenchyme is less marked so that the migration and 
fate of individual crest cells has not been traced with certainty, it 


can be assumed that their behaviour is the same as in amphibians 
until there is evidence to the contrary. This seems to be a good 
summary of the present position. Theories of the neural crest 
have an admirable exponent in Professor Hérstadius. 

M. M. Bull 


Recent Progress in Psychiatry 


Edited by G. W. T. H. Fleming in collaboration with 
Alexander Walk & P. K. McCowan. Second edition. London : 
J. & A. Churchill Led., 1950. (The Journal of Mental Science.) 
711 pages. 23 x 15cm. £210s. [£2.5] 


The mid-twentieth century psychiatrist has a lot to know about. 
Primarily a clinician, he is interested in schizophrenia, problems of 
old age, sleep and its disturbances, epilepsy, mental deficiency ; 
he is much concerned with treatment—psychotherapy, insulin 
therapy, treatment of neurosyphilis, and neurosurgical procedures ; 
he must have a working knowledge of the neuropathology of mental 
disease and of mental deficiency, vitamin deficiencies, endocrinology : 
he should know something of physiological psychology and of 
neurological psychiatry; he must keep abreast of the growing 
science of psychopathology ; he must be able to refer inteliigently 
to tests of personality and of intelligence; he must not neglect 
social problems such as delinquency and crime, and suicide; he 
should have some acquaintance with specialized topics such as 
cybernetics and electroencephalography and he must appreciate 
the significance of advances in fundamental sciences such as genetics 
and biochemistry. 

This book, the second of what promises to be a series—the first 
was published in 1944—has chapters on all the topics mentioned 
above. Other topics, such as child psychiatry, psychopathic 
personality, manic-depressive disease and convulsion therapy, all 
reviewed in the Ist edition, will reappear in a future 3rd edition. 
The book, therefore, with its. predecessor, fully covers recent 
progress in psychiatry and relevant advances in related disciplines. 

It is understandable that in a symposium by 26 authors the articles 
vary in quality. Some are critical reviews of recent work while 
others are more in the nature of compilations of recent papers. 
All are useful. All seethe with facts. The total effect is monu- 
mental. He is indeed a tough and fit man who can read, and 
digest, the book straight through from cover to cover. Lesser 
mortals will find it a helpful and friendly reference book. 

The opening chapter is a highly condensed, informative and criti- 
cal review of psychiatric genetics by Eliot Slater. Then follows a 
chapter by Derek Richter which is almost a brief guide to the 
biochemistry of the nervous system. Grey Walter on electro- 
encephalography will be well understood by clinicians, but Ross 
Ashby on cybernetics is intelligible only to mathematicians. 
A. Meyer & T. McLardy have contributed an outstanding chapter on 
the recent advances in neuropathology, of interest to the psychiatrist. 
On the whole, the non-clinical subjects are presented more ably and 
more critically than are the clinical. No doubt this is due to the 
clinician’s busy occupation with the daily needs of patients. But 
of the clinical chapters, specially informative and critical are 
Martin Roth’s chapter on the problems of old age and H. J. 
Eysenck’s summary of recent work on personality tests with refer- 
ences to no less than 550 papers. E. Stengel has a delightful article 
on the borderlands of neurology and psychiatry. Sir Norwood 
East contributes a chapter from his great clinical and administrative 
experience of delinquency and crime. 

Those who acquire a copy of this book will probably consult it 
often. They will be glad to know that the book is well bound and 
well printed on good paper. 

T. A. Munro 


Trends in Psycho-Analysis 


Marjorie Brierley. London : 
Psycho-Analysis, 1951. (The International Psycho-Analy- 


tical Library, No. 39.) 319 pages. 22 x 14 cm. £1 1s. 
[£1.05] 


This book is an‘account of some of the trends inside the (Freudian) 
psychoanalytic school, with particular emphasis on developments in 


Hogarth Press & Institute of 
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England. From this standpoint the author opens up wider 
perspectives and tries to link up psychoanalytic theory and meta- 
psychology with modern views on philosophy and religion, in parti- 
cular Christianity. In so doing the author shows the erudition, 
depth of vision, penetrating intelligence, humanity and honesty 
which one would expect of her. 


The aim has been to present in broad and tentative outline the general con- 
ception of human nature and the attitude towards life, with its consequences 
for behaviour, which appear to the writer to be inherent in psycho-analysis. 
Any such general estimate can only be selective and personal, but it is hoped 
that, in spite of their inevitable subjective co-determination, the conclusions 
reached have a measure of objective validity. 


This attitude to life, implicit in psychoanalysis, called “* neo- 
realistic humanism ”’, is the outcome of a more adequate integration 
and harmonization of the total personality in face of the unflinching 
recognition of reality, both material and mental, and of the full 
range of human motives, as revealed by psychoanalysis. 

The author does not endeavour to give a critical account of all 
relevant contemporary trends in the international field of psycho- 
analysis. Thus she elaborates on developments of comparatively 
limited and local significance, a selection obviously conditioned by 
her own particular situation. Still, we may be glad to have her 
clear, balanced and critical account of Melanie Klein’s theories and 
the exposition of the author’s own contribution to psychoanalytic 
theory and practice, particularly her pertinent chapter on affects. 

To this reviewer it seems that in the absence of a full survey of 
present trends in psychoanalysis, it might have been better for the 
author’s purpose if she had focused her attention on Freud’s own 
work and attitude. This still contains sufficient dynamite for 
generations to come; yet it is presented with unfailing scientific 
clarity and serenity, in formulations sober and firm as a rock. 
Freud did not, it is true, share Dr Brierley’s tolerance of religion. 
He felt religion to be the enemy of science ; he would give it no 
quarter, would consider no compromise. Of how to face life 
without such support, maintaining human and ethical standards of 
the highest order, he set a fine example. His person, life and work 
—all of a piece—do they not furnish the best demonstration of what 
Dr Brierley is looking for ? 

This book is one of the valuable contributions to psychoanalysis 
made within recent years. It is without doubt a book to be read 
and to be thought about by all concerned. 

S. H. Foulkes 


Essays in Applied Psycho-Analysis. Vol. I. Mis- 
cellaneous Essays 


Ernest Jones. London: Hogarth Press Ltd. & Institute of 
Psycho-Analysis, 1951. (The International Psycho-Analy- 
tical Library, No. 40.) 333 pages. 22 x 14 cm. £1 1s. 
[£1.05] 


Throughout the development of his psychoanalytical theories, 
Freud consistently sought for corroboration of his clinical findings 
in non-clinical fields, paying special attention not only to the every- 
day life and habits of man but also to many of his social and cultural 
activities. As his earliest followers were nothing if not imitative, 
this example was eagerly followed ; it became almost a point of 
honour among the psychoanalytical pioneers to crown their clinical 
labours with some essays in psychoanalytical belles-lettres. Out- 
Standing in this respect was the work of Ernest Jones; and this 
volume, the first of two collections of essays in applied psycho- 
analysis, demonstrates at the same time the range of the author’s 
interests and the applicability of psychoanalytical methods to a 
wide variety of subjects. Written at intervals between 1911 and 
1949, the present selection treats of such diverse matters as the art 
of Andrea del Sarto, the * case ’ of Louis Bonaparte, the psychology 
of chess, the death of Hamlet’s father, and linguistic factors in 
characterology ; and it includes also a number of essays on war, 
political psychology and psychoanalytical sociology. 

The discerning reader may find himself somewhat disappointed, 
if not puzzled, by a certain monotony in the analytical conclusions 
arrived at in most cases. This can be explained by a number of 
circumstances ; for example, by the fact that, in the early days of 
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psychoanalysis, interest was focused mainly on the part played by 
the Oedipus conflict in moulding the life and character of man ; 
or, what amounts to the same thing, the fact that the unconscious 
conflicts of man are few in number and primitive in content. 
Perhaps more important is the fact that ‘ indirect’ interpretation 
severely curbs the licence of the conscientious investigator. And 
Jones is certainly a careful applied psychoanalyst. Even those 
speculations that may seem far-fetched to the analytically un- 
orientated student are meticulously documented. In the case of 
social psychoanalysis, interpretative checks cannot be so freely 
applied ; hence the valuation of Jones’s more strictly sociological 
interpretations will turn more on the political predilections of the 
reader than on the perspective and judgement of the writer. 

Needless to say, Ernest Jones is amply equipped with general 
knowledge to justify what might otherwise be, indeed often is, 
regarded as an unwarrantable intrusion into alien fields of study. 
He succeeds in establishing beyond peradventure what is in any 
case inherently probable, namely, that the basic unconscious 
conflicts of man must materially influence his social and cultural 
activities and products. 

Edward Glover 


Planned Seeing : some Psychological Experiments 


Frederic Bartlett & N. H. Mackworth. London : His Majesty’s 
Stationery Office, 1950. (Air Ministry, A. P. 3139B.) vi + 
76 pages ; 49 figures. 24 15cm. 5s. [£0.25] 


The experiments described in this report were carried out by 
Dr Mackworth between 1943 and 1945 at the Psychological Labor- 
atory, University of Cambridge, under the general direction of Sir 
Frederic Bartlett. As this is the first account of the work to be 
released for unrestricted circulation, it is especially fitting that it 
should appear under their joint authorship. 

The first part of the report deals with the problem of visibility of 
display in the control rooms of Fighter Command. A well- 
planned series of experiments designed to assess the major variables 
in this situation is described and some interesting information 
reported. Thus well-marked ‘brightness contrast’ between 
object and background was found to be an important factor in 
accurate reading of aircraft direction. Again, slanting views of the 
plotting table were always found to increase the incidence of error. 
From these, and other related, experimental findings it was found 
possible to draw certain conclusions of practical import. Some, 
at least, of these should have application to a variety of industrial 
skills demanding rapid and accurate assessment of a changing 
perceptual field. 

The second part of the report deals with the synthetic training of 
Pathfinder air bombers in visual centring on target indicators. 
Following a detailed experimental analysis of the principal visuo- 
motor factors involved in this task, an attempt to devise a synthetic 
training technique is described. It was found that, under experi- 
mental conditions at least, very considerable improvements in 
performance with guided practice were achieved. Unfortunately, 
it was impracticable fully to validate the training technique under 
operational conditions. As the authors point out, apart from 
contingent issues, “*... factors such as the temperamental 
qualities involving reaction to danger could not be tested synthetic- 
ally at all’’. This limitation, however, is common to almost all 
laboratory work in psychology and should not be taken to detract 
from the obvious merits of the investigation. 

The highly accomplished experiments on which this report is 
based set an excellent standard for future work in applied experi- 
mental psychology. At the same time, it is perhaps to be regretted 
that the authors have paid so little regard to the implications of 
their work for basic psychological theory. The studies of visi- 
bility, in particular, raise issues of very considerable importance 
for the general theory of perception. Unless these issues are 
squarely faced, there is a real danger that experimental psychology 
may degenerate into mere technology. One may therefore hope 
that the authors will see fit to publish a further report in which the 
theoretical implications of their work are fully analyzed and dis- 
cussed. Only thus may we hope for that reconciliation between 
theory and practice which is the sine qua non of healthy progress 
in any branch of scientific inquiry. 

O. L. Zangwill 
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The National Health Service 


Roger Ormrod, Harris Walker & John H. Ellison, London : 
Butterworth & Co. Ltd., 1950. (Reprinted from Butter- 
worth’s Annotated Legislation Service.) ix + 241 + 401 
pages. 25 x 16cm. £1 7s. 6d. [£1.375] 


This book is one of the invaluable series reprinted from Butter- 
worth’s Annotated Legislation Service. It deals with the National 
Health Service Act, 1946 (as amended by the Act of 1949), and with 
the very numerous statutory instruments by which effect has been 
given to these enactments. The book describes the health services 
prior to 1948 and then proceeds to give a detailed and extensive 
exposition of the situation as changed by the 1946 legislation. 


It may safely be said that the work as published is valuable, 
and, indeed, it may well be indispensable to medical practitioners, 
dentists, lawyers and all other kinds of people concerned with the 
administration of the health services: but we cannot give this 
book higher praise. One can readily admire a catalogue or direc- 
tory but it is difficult to form any real affection for it. Some 
textbooks, such as Dicey’s Law of the Constitution, have remained 
standard works throughout the years by reason of the clarity of 
the exposition of their authors. We cannot imagine a “* Dicey” in 
relation to the law concerning the National Health Service since so 
very much of it consists of Statutory Instruments expressed in 
terms which are not intelligible to the ordinary man. About half 
of this book is taken up with such Statutory Instruments printed, 
perhaps appropriately, on red paper. 

In short, this is not so much a book as a directory. It is essen- 
tially a work of reference to which we must of necessity turn from 
time to time, but which no one will ever read for pleasure as 
distinct from instruction. The blame for this does not, of course, 
lie upon the learned authors or upon the publishers, to whom we are 
grateful, for it is a thankless task to catalogue ministerial instru- 
ments. 


In the result the book may be described as necessary but unin- 
spiring. 
G. Graham Don 


Occupational Factors in the Aetiology of Gastric 
and Duodenal Ulcers, with an Estimate of their 
Incidence in the General Population 


Richard Doll & F. Avery Jones, with the assistance of M. M. 
Buckatzsch. London: His Majesty’s Stationery Office, 1951. 
(Medical Research Council Special Report Series No. 276.) 
96 pages. 23 x 15cm. 2s. 6d. [£0.125] 


This Report presents a statistical survey of 6,047 individuals 
employed in different occupations, and was undertaken with the 
intention of determining the true incidence of peptic ulcer, and of 
assessing the importance of occupational factors in aetiology. 
Like other previous studies, even if it has produced few definite 
conclusions, it has suggested lines of further investigation and has 
once more brought out clearly the many difficulties and problems 
involved in research in sociological medicine. The study was 
carried out under the auspices of the Industrial Health Research 
Board of the Medical Research Council and was greatly facilitated 
by the Peptic Ulcer Co-ordinating Committee of which the late 
Professor J. A. Ryle was chairman. 


The method of personal interview was adopted throughout the 
investigation, and after a preliminary interview by a social worker, 
all those classified as suffering from “* major dyspepsia” were 
seen by Dr Doll. Full clinical particulars and an occupational 
history from the time the patient had left school were taken, and in 
a number of eases control by radiography was also carried out. 
The numerous errors and difficulties inherent in this method were 
fully recognized and as far as possible overcome by careful sampling, 
every precaution being taken to avoid bias and other obvious sources 


10 


} No. 1 


of error. In spite of this, however, caution is obviously necessary 
in drawing final conclusions. 

Various occupations were surveyed, and especial emphasis 
was laid on such groups as lorry drivers, bus conductors, and 
doctors, as likely—according to the literature—to show a high 
incidence of ulcer. Theeffects of shift- and night-work, social class, 
sex and age were noted and statistical tests of significance were 
applied to calculate probabilities and chance findings. The various 
occupations analyzed were divided into 24 main groups—some 
including many more individuals than others; the largest group 
studied was that of heavy unskilled manual workers (650), the 
lowest being that of unskilled unclassified workers (64) ; the majority 
of groups included between 100 and 300 individuals. The number 
of ulcers seen (as judged by the method employed) was compared 
with the number of ulcers expected, as shown by pilot surveys and a 
study of the literature. By this comparison doctors, for instance, 
appeared to have more than twice the number of ulcers that would 
have been expected, but this was almost certainly a deceptive 
finding due to the greater accuracy of diagnosis amongst doctors 
than amongst the general public. The figures do, however, suggest 
that agricultural workers have fewer ulcers than others, and that 
on the whole ulcers are less common amongst sedentary workers. 


From these investigations no definite conclusions could be drawn 
as to the association of ulcer with irregular meal times ; the relation- 
ship of ulcer to anxiety over work was suggested but not proved, 
even though the authors strongly confirm by their survey the 
importance of psychosomatic factors in aetiology. It is interesting, 
and indeed perplexing, that they were unable to find any association 
of ulcer with home worries—a fact which may perhaps be due in 
part to the greater difficulty in eliciting these emotional disturbances 
of home life, which are more complex than those of daily work. 


This survey is an important contribution to the problem of 
peptic ulcer. It is open to the criticisms that can be made of all 
such surveys, but its authors deserve congratulations for the care 
and thoroughness with which they have approached their task. 
Their general conclusions (p. 80) may give little new information, 
but in so far as they confirm accurately, and with statistical analysis, 
views previously only conjectural, they have achieved an important 
object. For this reason these few main conclusions deserve quota- 
tion and are as follows : 


. . . it is concluded that the factors of importance in the aetiology of 
gastric and of duodenal ulcers are different. Duodenal ulcers occur com- 
monly between the ages of 20 and 64 ; their incidence is greater in men holding 
responsible positions, and anxiety over work, or personality factors leading to 
anxiety at work, are unduly common in subjects with duodenal ulcer. In 
contrast, gastric ulcers are uncommon before the age of 35, they are not found 
with-greater frequency in any of the above groups but they are related to social 
class, being least frequent in the two wealthiest classes and most frequent in 
the poorest class . . . Irregularity of shifts is discredited as a predisposing 
factor, and the existence of a special susceptibility among motor vehicle 
drivers receives no factual support. 


Thomas Hunt 


National Insurance (Industrial Injuries) Act, 1946 : 
Tuberculosis and Other Communicable Diseases in 
Relation to Nurses and Other Health Workers 


Report of the Industrial Injuries Advisory Council in Accord- 
ance with Section 61 of the National Insurance (Industrial 
Injuries) Act, 1946, on the Question Whether Tuberculosis 
and Other Communicable Diseases Should be Prescribed 
under the Act in Relation to Nurses and Other Health 
Workers. Ministry of National Insurance, Industrial Injuries 
Advisory Council. London: His Majesty’s Stationery Office, 
1951. 20 pages. 24 «15cm. 9d. [£0.0375] 


The Minister of National Insurance in May 1949 referred to 
the Industrial Injuries Advisory Council for advice on the question 
as to whether tuberculosis and other communicable diseases should 
be prescribed under the National Insurance (Industrial Injuries) 
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Act, 1946, in relation to nurses and other health workers. The 
Report of the Industrial Diseases Sub-Committee of the Council 
has now been accepted by the Minister of National Insurance, and 
effect given to the recommendations as from | March 1951. 

The Sub-Committee here reports in favour of prescribing tuber- 
culosis under the Act, but points out that, this being a disease 
prevalent in the population at large, a new administrative exper- 
ience is entailed. It therefore advises that tuberculosis be made a 
prescribed disease as a commencement, and that after experience 
of this course other communicable diseases be considered in this 
light. 

The workpeople concerned are those having close and frequent 
contact with tuberculous infection by reason of nursing or medical 
attendance on the tuberculous patient, or by reason of pathological 
or laboratory work with material which is a source of tuberculous 
infection. The disease should be presumed due to the relevant 
employment, unless the contrary is proved, if it develops not 
earlier than six weeks of commencing such employment and not 
later than two years after leaving it. 

The Sub-Committee mentions some possible repercussions of 
making tuberculosis a prescribed disease. 7? 


Design for Sanatoria : Report of the NAPT Archi- 
tectural Committee 


NAPT Architectural Committee. London: National Associa- 
tion for the Prevention of Tuberculosis, 1951. 124 pages ; 
illustrations. 19 x 14cm. 12s. 6d. [£0.625] 


This small handbook, which is simply written and is a model of 
printing and presentation, will be of value to all who may be respon- 
sible for future planning of sanatoria. so 

In addition to discussion of the structure and design of buildings, 
effective points in regard to equipment and its use are made. The 
special problems and the administration associated with patients 
with pulmonary tuberculosis who stay for a long time in an institu- 
tion are brought to the notice of the hospital architect, and impor- 
tant architectural details are indicated to the medical planner. 
The Committee recognizes that there is no finality in these matters, 
and that there will be differences of opinion on individual items, 
but the Report succeeds in giving a clear picture of the most modern 
and effective methods open to the designer. Most points seem to 
have been covered. 

The Committee will remain in being, and hopes to issue supple- 
ments to the Report from time to time. nis 
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Recent Advances in Chemotherapy. Volume II 


G. M. Findlay. Third edition. London: J. & A. Churchill 
Ltd., 1951. ix + 597 pages. 21 x 14cm. £1 16s. [£1.8] 


Since malaria is probably the most important disease in the 
world and since it responds well to treatment with drugs, its chemo- 
therapy has been the subject of an immense amount of research 
during the past thirty years. During the last ten years the intensity 
of this research has greatly increased under the pressure of war 
needs and in the hope of great commercial profits. The subject is 
further complicated by the presence of five different phases of the 
malaria parasite, each of which responds to drugs in a different 
way. To produce a comprehensive yet readable account of all 
this vast material is a formidable undertaking, but Dr Findlay is to 
be congratulated on his success. This book is not limited to 
“recent advances ”’ as its title suggests; it is really a complete 
review (up to 1949) of the whole subject. It will be very useful. 

First there are short accounts of the malaria problem and of the 
biology of the parasite in relation to chemotherapy. Then the 
chemical approach and the relation between chemical structure 
and antimalarial action are described. Subsequent chapters 
describe the pharmacology of antimalarial drugs and the toxic 
reactions which they may produce. The chemotherapeutic treat- 
ment of plasmodial infections is next discussed, followed by descrip- 
tions of drug-resistance and immunity, of the treatment of malaria 
in man, and of the mode of action of antimalarial drugs. Few, if 
any, other writers could have dealt so well with both the chemical 
and the medical sides of the problem. Avs is inevitable in a work 
covering such a wide field, the book is a compilation of other 
observers’ conclusions and views rather than a critical judgement 
of disputed subjects. Its range of information is very wide and the 
reader will find it a most valuable source of references, which 
shows what work has been done and where the original papers can 
be studied. The number of references is great, but they would have 
been easier to consult if they had been grouped all together at the 
end of the whole book instead of at the end of each chapter. The 
book is strongly recommended to laboratory workers, both chemi- 
cal and biological, and to medical men who wish to know the 
evidence concerning the relative values of the different antimalarial 
drugs now available. 

F. Hawking 


Clinical Tropical Medicine 
Edited by R. B. H. Gradwohl, Luis Benitez Soto & Oscar Felsenfeld. 


London: Henry Kimpton, 1951. xxiii + 1647 pages ; 
6 plates ; 473 illustrations. 26 x 18cm. £8 


In its general arrangement this book on clinical tropical medicine, 


written by 57 authors, mainly American, follows orthodox lines. 
It opens with a general introductory chapter, then deals chapter by 
chapter with some of the main infectious and nutritional disorders 
of tropical climates, and ends with a number of chapters on mis- 
cellaneous subjects, including general hygiene and laboratory 
methods. 

The editors point out that the material and scope of a book on 
tropical medicine is always a matter of much debate and that after 
serious consideration they decided that climatic, nutritional and 
transmissible diseases should be stressed, with special emphasis on 
those that constitute a major problem only in the tropics. Many 
readers will therefore be a little surprised to find smallpox and 
rabies excluded while a whole chapter is given to rickettsial pox, 
a mild, self-limiting disease not yet reported outside New York 
City. And there are several other examples of lack of balance. 
Although there are more than 1,600 pages in the book, the section 
headed “* Blackwater fever ” takes only one page. In it there is no 
adequate account of the fate of the released haemoglobin, and 
methaemalbumin, for example, is not even mentioned. Ina chapter 
on malaria, a coloured plate shows a sporozooite entering what is 
apparently a red blood corpuscle. The legend states that the cell is 
a liver cell, but the cell is non-nucleated and indistinguishable 
from the other erythrocytes depicted in the plate. A book of this 
nature would have seemed worthy of a new plate. Proguanil, 
despite its remarkable and almost unique action on pre-erythrocytic 
forms of P. falciparum, is not mentioned in the section on therapeu- 
sis in the chapter on malaria. In a section on amoebic dysentery, 
it is recommended that emetine should not be given to children or 
used for any amoebic infection other than that of the intestinal 
tract or liver. What drug is to be used for infections of the lung or, 
say, the skin, is difficult to find in this section, and the matter is 
further complicated by emetine being indicated in another part of 
the book for pulmonary amoebiasis. Diamidine drugs have been 
used for the treatment of kala-azar for many years, but in this 
book they are still stated to be in the experimental stage. It is 
further stated that the best results have been obtained with stil- 
bamidine, but in actual fact stilbamidine was generally abandoned 
in favour of other diamidines some years ago. It is suggested that 
the action of folic acid has thrown great light on the aetiology of 
sprue, but just how it has done so is not clearly indicated. It is 
stated that there is no effective chemotherapy known for loaiasis. 
Sicklaemia is not mentioned in the index or discussed in the text. 
Antimalarial drugs are said to operate as such through their 
general protoplasmic poisonous properties, a statement of little 
value and doubtful accuracy, and one which the differential action 
of antimalarial drugs at different stages of the parasite’s cycle 
would seem to contradict. 

There are several spelling mistakes in the names of authors 
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quoted in the text, which should be corrected in future editions. 
In connexion with references to the literature it is surprising to find 
that in a paragraph quoting notable periodicals dealing with 
tropical diseases, there is no mention of the Tropical Diseases 
Bulletin, a publication which is one of the most useful tools anyone 
interested in tropical medicine can have. 

From a compilation by several authors it is perhaps invidious 
to single out points for criticism, and those mentioned above have 
been selected at random; they are reluctantly quoted to indicate 
some of the ways in which further editions might be improved 
because there is much excellent work in the book which would 
greatly gain in strength and value were it critically revised. The 
book is excellently printed, illustrated and produced, but it is some- 
what expensive and heavy and difficult to handle. Although it 
may well fill the need for which it was published, it may find com- 
petition with many of the existing textbooks difficult. 


F. Murgatroyd 


Anopheles and Malaria in the Near East 


Anopheline Surveys in Syria and Lebanon, by H. S. Leeson. 
Anophelism and Malaria in Transjordan and in the Neigh- 
bouring Parts of Palestine and Syria, by W. H. R. Lumsden & 
J. Yofe. The Anopheline Mosquitoes of Iraq and North 
Persia, by T. T. Macan. London: H. K. Lewis & Co. Ltd., 
1950. (London School of Hygiene and Tropical Medicine 
Memoir No. 7.) xii + 223 pages; 73 figures. 25 x 18 
cm. £115s. [£1.75] 


With this Memoir the London School of Hygiene and Tropical 
Medicine resumes the publication of a series which had been in 
abeyance since 1932. The purpose of this series is to record valu- 
able scientific material which is too long for publication in most 
journals. 

The present volume is made up of three independent monographs, 
resulting largely from surveys carried out by their respective 
authors in military Malaria Field Laboratories between 1941 and 
1943. Although the presentation of each paper is individual, the 
authors have consulted together informally; furthermore, the 
papers cover much related scientific ground and a common area, 
namely that usually referred to as the Near East. While the 
approach is primarily entomological, the authors deal adequately, 
and sometimes fully, with such factors as malarial epidemiology, 
incidence and records, physiographical and meteorological features, 
climate, populations and the like. In the first paper, Leeson 
describes the terrain and methods of survey in Syria and Lebanon. 
Nine species of Anopheles are recorded and described, of which 
A. superpictus, A. sacharovi and A. claviger were regarded as the 
most important vectors of malaria. The findings of the survey are 
discussed in terms of five named topographical areas. Detailed 
findings in 18 selected places of interest are described individually. 
“* The recognized malaria season is from May to October, though 
cases may occur at all seasons.” 

Lumsden & Yofe, in the second paper, describe three main regions 
of Transjordan, each extending from north to south. The various 
physical and related features are discussed and previous malariolo- 
gical records analyzed at some length. Eleven species of Anopheles 
are recorded ; of these, A. superpictus and A. sergenti were pre- 
dominant and constituted nearly 84 per cent of larvae identified. 
These species, with A. sacharovi, are considered most likely to be 
the vectors of malaria. Five different types of breeding-places are 
described and their significance discussed, together with the 
epidemiology and incidence of malaria in several different areas. 
Much of the malaria is probably contracted in the hill villages, and 
periodic migrations to the “* ghor ” (the upper terrace of the floor 
of the rift valley) are of less importance than was previously be- 
lieved. An appendix of six pages gives detailed findings for a very 
large number of individual localities. 

In an extensive study, Macan, after a comprehensive general 
account of Iraq and north Persia, gives a detailed description of the 
five physiographical regions concerned. Observations on the 
mosquitoes are described at great length: 17 species are discussed 
and it is noted that the carriers of malaria are A. stephensi in the 
alluvial plain, A. sacharovi in the foothills and escarpment, A. 
maculipennis in the Persian plateau, and A. superpictus in all these 
regions except the alluvial plain. In the last-named region, “* the 
breeding-places of A. stephensi are nearly all the result of man’s 
activity, and malaria is almost entirely a man-made disease ”’. 
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These careful studies of the biology of mosquitoes and malaria in 
an important area are not only extremely informative ; they are 
also evidence of exemplary survey work, often carried out under 
conditions of the greatest difficulty. Finally, as Professor Buxton 
points out in his introduction, it is evident that the area covered 
by this Memoir is a “ border zone or meeting place between 
mosquitoes of different origins.” : 

Each paper is followed by numerous references and contains an 
abundance of tables, figures and excellent photographs illustrating 
typical country and breeding-places. The Memoir is most agree- 
ably produced on art paper and stoutly bound in an attractive 
cover. It is an admirable example of thoughtfuily integrated 
effort between authors, editors, publishers and printers, all of whom 
share their part of the high credit which this publication so evidently 
merits. Malariologists and entomologists in particular will find 
this a book to which they will turn again and again for facts, figures, 
and inspiration. 

H. J. O’D. Burke-Gaffney 


The Microscopic Diagnosis of Human Malaria. 
Part I. A Short Descriptive Atlas of Thick-Film 
Diagnosis 


John W. Field. Kuala Lumpur: Institute for Medical Re- 
search, 1948. (Studies from the Institute for Medical 
Research, Federation of Malaya, No. 23.) vi + 117 pages ; 
14 plates ; 67 figures. 24 x 18cm. $5 [Malayan] 


It is just sixty years since Laveran, the French Colonial surgeon, 
first saw the malaria parasite as such and recognized it as the cause 
of malaria. Laveran used fresh blood and a */,” dry lens so that 
the acuity of his vision and the depth of his understanding are 
beyond praise for, as every pathologist who served in the last war 
realized, even with the most modern methods of staining and 
microscopy there are many pitfalls in recognizing scanty malaria 
parasites. The latest attempt to ease the path of the inexperienced 
comes from the Institute for Medical Research in Kuala Lumpur, 
of which the senior author of this book is now the director. The 
main feature of the book is of course the excellent series of 14 
lithographs, one being in colour, drawn by Mr Yap Loy Fong, a 
talented Chinese laboratory technician on the staff of the Institute. 
These plates of Plasmodium falciparum, P. vivax and P. malariae, 
together with one showing a fowl red-cell film for the accurate 
counting of malaria parasites in blood, are of the greatest value. 
In addition to the plates there is a considerable number of line 
drawings which serve to emphasize not only the appearances of the 
malaria parasites but illustrate very clearly the techniques for making 
thin and thick films. Incidentally, it appears to have been Laveran 
himself who first used haemolyzed blood as a means of concentrating 
the parasites for microscopical examination. Twelve years later 
Ross (Lancet, 1903, 1, 86) described the thick-film method much as 
it exists today, but he failed to adapt the Romanowsky stain, first 
described by D. L. Romanowsky in 1891. This was done by Koch 
in East Africa in 1907 and most of the slow thick-film methods used 
today are variants of the Koch technique. In addition to the 
plates, there are sections on the zoological position of the malaria 
parasites and the relationship of the clinical symptoms to the 
developmental stages. A useful section is provided by the pages 
on the composition of the Romanowsky stains and the effect of pH 
on the staining reaction. Only two minor criticisms may be 
offered. There is a short paragraph on “the menace of the 
avoidable artefact ’’: but it is not always possible for the patholo- 
gist to ensure the cleanliness of the patient’s finger or of the slide 
and to protect the film from dust. Artefacts from red-cell immatu- 
rity or from chance arrangements of platelets cannot be avoided, 
and it would therefore be an advantage to have a plate showing 
these artefacts. Although P. ovale is mentioned on p. 4 as one of 
the human malaria parasites there are no plates or line drawings to 
illustrate the development of this species which, in Africa at any 
rate, may occur comparatively commonly in certain pockets. 

The short glossary of protozoological terms will be of use to 
those who are not quite certain of the exact significance of 
such terms as “‘ meta-cryptozoite.” The derivation of the word 
** malaria ’’ from the Latin malus : bad, and aer : air, is somewhat 
at variance with that given by The Oxford English dictionary which 
derives it from the Italian mal’aria. 

G. M. Findlay 
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Tropical Nutrition and Dietetics 


Lucius Nicholls. Third edition. London: Bailliére, Tindall 
& Cox, 1951. ix + 476 pages; 57 figures. 24 x 16 cm. 
£2 2s. [£2.1] 


This book is both a general textbook on nutrition and dietetics 
and a résumé of nutritional data from tropical countries. Only too 
often valuable work is buried in an unpublished report to the 
Director of Medical Services of a Colony, or in departmental 
publications. Even scientific and medical journals published in 
India, South Africa and in the larger Colonies do not reach a 
sufficiently wide public. The outstanding merit of this book is that 
it reflects on every page how thoroughly its author is conversant 
with the relevant literature, often undeservedly little known. 

While the “ tropical ” aspect is very satisfactory, it is not so easy 
to praise the book as far as it deals with nutrition in general. It is 
difficult to know for what type of reader it is written. Is the 
public which on p. 4 is told that “ all sugars are readily converted 
into glucose in the stomach” the same as that which on p. 98 is 
expected to take an interest in the fact that pyridoxine is 2-methyl- 
3-hydroxy-4 : 5-dihydroxymethyl pyridine? And is the detailed 
account of the calculation of absolute haematological values intended 
to be used as a guide in the laboratory ? If so, it is surely not enough 
to describe the technique of measuring the mean corpuscular 
volume without detailing the choice of an isotonic and isocationic 
anticoagulant. 

On p. 36 it is stated that populations may show biological 
adaptation to food shortages, especially when small stresses have 
been present in many past generations. 


. thus many tropical populations have become adapted to a low calcium 
intake. Balance experiments, carried out on well-fed persons, who are not 
subjected to stresses, such as depletion of the calcium reserves, are unlikely to 
be of great value for the determinations of the needs of the labouring classes 
of tropical populations. 


There is no experimental evidence to justify this view, which must 
be emphatically repudiated. It leads automatically to an accept- 
ance of different biological norms, one for the rich and one for the 
poor. The days have passed when one considered a haemoglobin 
level of 70° as normal in a labourer in the tropics, but demanded 
investigation and treatment for anaemia when it was found in a 
European or a wealthy native of the country. 


There are misstatements of facts such as the definition of a 
negative calcium balance as a state in which more calcium is excreted 
than retained, or the classification of malarial anaemia under the 
hypochromic microcytic variety. The plasma volume and not, as 
stated, the blood volume is increased in hookworm anaemia. There 
are many misprints : names of well-known authors such as Kuhn 
and Van den Bergh are misspelt and the reproduction of a curve 
from Gowland Hopkins’s famous paper on accessory food factors 
carries the legend “ Hopkin’s graph .. .”” Lack of interest in 
Style is evident in sentences such as : 


Thiamine pyrophosphate, being the prosthetic group of a decarboxylating 
enzyme, has been called co-carboxylase ; but objection has been taken to 
this as being too committal, because there is some evidence that thiamine may 
enter into other enzyme systems, such as in conjunction with a protein to 
form an oxidase. 


One feels that the author’s heart is in the chapters of his book 
which deal with the processing of food, the classification of food- 
stuffs, diets and public health activities. It is there that a fund of 
valuable information—much of it in tabular form—is found which 
will make the book indispensable to anyone interested in nutrition 
in the tropics. 

H. Lehmann 


Health and Disease in the Tropics 


Charles Wilcocks. London : Oxford University Press, Geoffrey 
Cumberlege, 1950. x -+ 200 pages ; 33figures. 22 x 14 cm. 
15s. [£0.75] 


There can be few medical men in the tropics who have not suffered 
at one time or another under executive officers who, having acquired 
a little knowledge from a popular “ digest *’, have tried to teach 


them their job. This book is intended to bring to the responsible 
layman in the tropics—the colonial administrator, the missionary, 
the manager of a plantation or a mine—basic facts on medicine. 
The author is not only a very well-known authority in certain 
fields of tropical medicine but also holds the post of Director of the 
Bureau of Hygiene and Tropical Diseases. In that capacity he 
edits the Tropical Diseases Bulletin and the Bulletin of Hygiene ; 
in both of these, recent medical publications are regularly reviewed 
and abstracted. He has therefore at his command the critical 
opinion of experts on all the latest developments in these fields. 


The reader will find in less than 200 pages a survey of the distri- 
bution, causes, clinical features, treatment and prevention of the 
diseases he will encounter in hot climates. The emphasis is on 
tropical problems; it is, however, made clear that measles, 
poliomyelitis, tuberculosis and pneumonia may occur in the tropics 
as well as in countries with temperate climates. Most of the space 
is devoted to communicable diseases, but disorders of malnutrition, 
snake-bite poisoning and industrial health hazards are also con- 
sidered. 

One section deals with housing, water supply, sewage and refuse 
disposal, another with first-aid equipment and personal protection 
against the effects of heat. There are 33 illustrations, which are as 
lucid as the style of the text. 


In future editions one would like to see a short chapter on anaemia, 
a subject with which everyone in the tropics is constantly confronted. 
Moreover, in the discussion of the diseases caused by helminths, 
the layman should be made to understand that it is essential that 
an effective purge should follow treatment with a drug such as 
carbon tetrachloride, and that it is not sufficient to give a dose of 
salts and perhaps to send the patient away. The verification of the 
excretion of the poison must be part of the treatment. 

The Oxford University Press is to be congratulated on this 
addition to its “* Colonial Bookshelf ”’. 

H. Lehmann 


Tropical Dispensary Handbook: an Aid to the 
Training and Practice of Native Medical Assistants 
and for the Guidance of all Engaged in Medical 
Practice in Rural Dispensaries in the Tropics 


Clement C. Chesterman. Fifth edition, revised. London : 
published by the Lutterworth Press for the United Society for 
Christian Literature, 1951. xi + 313 pages; 26 plates. 
19 x 13cm. 12s. 6d. [£0.625] 


The Colonial Medical Service consisted at first of a small group 
of medical men sent out to care for the European officials scattered 
throughout the Colonies. It soon joined with the missionary 
doctors in attending the indigenous population. Indeed, today the 
major part of the Colonial Medical Service’s work is the care of the 
local men, women and children. Medical schools have grown up 
in which training is given to local assistants, and though the final 
examination varies from one qualifying the successful candidate 
for a diploma which is only of limited scope, to what is now in some 
Colonies a registration comparable with that given by the General 
Medical Council in Great Britain, the standard is universally high. 


This small book of instruction for African medical assistants, 
which appears now in its Sth edition since 1928, has become a 
classic and can claim to have played an essential part in the creation 
of this new type of medical man. May one suggest the omission 
from future editions of the expression “* native medical assistant ” ? 
The word “* native ”’ has taken on a derogatory sense in the mind of 
the African (and of the Indian for that matter). However nonsen- 
sical this may seem, no harm can be done by avoiding an expression 
which seems to give pain. 

H. Lehmann 


See also review of The conquest of malaria, by J. Jaramillo- 
Arango, on p. 105.—Eb. 
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The Conquest of Malaria 


Jaime Jaramillo-Arango. London : William Heinemann Medi- 
cal Books Ltd., 1950. xiv + 125 pages; 36 illustrations. 
22x 14cm. £11s. [£1.05] 


This book will appeal to two classes of readers: in the main to 
the medical historian ; in less degree to those interested in the more 
modern developments of malaria therapeutics. The whole is a 
veritable multum in parvo. Though short—only just over 120 
pages in all—it imparts a large amount of information ; nevertheless 
it is so interestingly written that one does not feel that the matter is 
too condensed, as one might easily have done if it had been in less 
experienced hands. 


The book comprises three sections. The first treats of the 
mosquito-malaria theory, its gradual evolvement culminating in 
proof and repeating the oft-told tale of Laveran, Manson, Ross and 
Grassi. The author repeats a statement now becoming traditional 
that Torti gave the name “ mal’aria”’ to the disease in 1709. 
Torti’s book Therapeutice specialis ad febres quasdam perniciosas 
was published in 1712 and later editions appeared in 1730, 1732, 
1743 and 1755. The reviewer has reported more fully on this 
question in his History of tropical medicine (Arnold, 1939) and tells 
how careful search failed to find the word “ mal’aria”’ and no 
quotation of a passage in which it is alleged to occur is ever given 
by any of those who have handed on the statement. 

Dr Jaramillo-Arango is very laudatory about Beauperthuy and 
his views on this disease, but omits to say that Beauperthuy was not 
too clear himself on the subject and confused malaria and yellow 
fever. The first part of the book contains considerable digression 
on yellow fever, regarding which the author states that “* trans- 
mission was carried straight from individual to individual ”’ (p. 15) 
and omits all mention of development of the virus in the mosquito 
for 12 days during which the insect is not infectious, and also that 
man is not infectious after the third, or at most the fourth, day even 
at a time when the illness is at its worst. 

Part II, reviewing the basic facts in the history of Cinchona, is 
of the utmost interest. Many legends connecting quinine with the 
Countess of Chinchén, which have been adopted and passed on 
from author to author, none of whom seems to have taken the 
trouble to test their veracity, are here given their quietus. The 
author mentions the sources whence his information is obtained 
and, in the appendix, cites some of the original texts, but shows how 
the mistakes may arise. Thus, there are three or four references to 
Pedro Barba’s Vera praxis dealing with Cinchona, but the author 
points out that Barba’s book does not mention Cinchona and that 
Barba’s practice was treatment by bleeding and purgation. Yet 
igain, he demonstrates clearly that Markham’s and also Celli’s 
ipparently careful study of the question of the introduction of 
Cinchona into Europe led them to erroneous conclusions and goes 
on to state his own theory as “ the most plausible ” (p. 51) and, we 
might add, the most likely solution. 


The bark of the Peruvian “ fever tree ’’ has been confused with 
the Peruvian balsam tree (Myroxylon peruiferum) ; the natives gave 
the name Quina-Quina to the latter, not to the former. The fever 
tree was then named “ cascarilla”’’ (small or thin bark, to dis- 
tinguish it from the thicker-barked balsam) and Redi made the 
-urious mistake of calling the former ‘* Cascarilla de la oja,”” hear- 
ing it spoken of as, he thought, “* Cascarilla dell’ oja,”” whereas the 
name given to it by the Spaniards was “‘ Cascarilla de Loja ”’ (its 
source). This section, though complicated, is of much interest to 
philologists in puzzling out the derivation of the term Quina-Quina, 
is evidenced by reproductions from Chichua dictionaries. The 
name Pulvis indicus has been another source of confusion, a name 
later discarded, and Cinchona first appears in the Pharmacopoeia 
Londinensis as Cortex peruanus. In spite of its efficacy, there was, 
it first, much prejudice against its use, partly because of its intro- 
duction by Jesuits and its name, “ Jesuits’ Powder,” and partly 
because of the unequal and uncertain potency of samples owing to 
idmixture of the fever tree bark with that of the balsam (Myro- 
xylon peruiferum). 

Part III, on the progress achieved in the prevention and treat- 
ment of malaria, gives a synopsis of developments from the be- 
ginning down to the present day. There is an interesting account 
of the preparation of extracts, alkaloids and salts of Cinchona, and 


of chemotherapy, the synthesis of quinine by Woodward and 
Doering of Harvard in 1944, and of new synthetic compounds and 
their trials by Warrington Yorke, Adams and Maegraith in Liver- 
pool. The book ends with an excellent summary of the stages in 
development of knowledge of malaria, with the names of those 
chiefly concerned. 


The writing is clear and straightforward and illustrations are 
copious ; presumably it is these that account for the cost of the 
book. The work is worthy of a better index. 

H. Harold Scott 


Eternal Eve 


Harvey Graham. London: William Heinemann Medical 
Books Ltd., 1950. xx + 699 pages ; 20 plates ; 20 figures. 
26 x 16cm. £22s. [£2.1] 


Confronted with this huge tome, reminiscent of a more leisurely 
age, and containing so vast an accumulation of diverse and fre- 
quently bizarre knowledge, gathered from original sources and 
sifted with a scholar’s critical and conscientious care, should a 
reviewer rest content merely with reciting the chapter headings 
and extracting some of the most quotable and piquant passages ? 
Would it be appropriate, or even decent, to try to discover a few 
errors or misprints in so balanced and lively a presentation ? 
Author of Surgeons all, ‘‘ Harvey Graham,” whose real name is well 
known to the medical profession, possesses an enviably vivacious 
style. He wears his learning lightly and unostentatiously, pre- 
serving the dramatic tempo throughout the details of his huge 
dramatic project so that his book is extremely easy and pleasant to 
read. Some may complain about the too frequent intrusion of 
irrelevant details. Let them do so. Others will be grateful for 
these, and possibly for them this work has been intended. The 
seductive and at the same time prejudicial title, Eternal Eve, cer- 
tainly calls for criticism, for it is felt that it might, under false 
pretences, seduce the uninformed lay reader into reading it, and 
prejudice the more scientifically inclined against reading it. 

Apart from the title, the text itself has been assembled with un- 
common care and imagination so that even the minutiae in no way 
spoil the panoramic sweep of the historic pageant. The illustrations 
(20 plates and 20 text-figures) have been carefully selected and 
artistically reproduced. When the reviewer recently had occasion 
to delve into the story of Hendrick van Deventer, “ father of 
modern midwifery ’” and author of The art of midwifery improv’ d, 
he was disappointed to find scarcely any mention of him in the 
English literature. ‘‘ Harvey Graham” devotes several pages to 
this important figure, and the conclusion would be justified that his 
information was derived from a number of foreign and not easily 
accessible sources : and this is only a minor example of his literary 
research and scholarship. Under his skilled guidance we trace the 
story of woman from the Stone Age through ancient Greece and 
Rome into the mediaeval twilight. We witness the rebirth of mid- 
wifery ; we are introduced to royal midwives and man-midwives 
such as William Smellie, Edmund Chapman, and Bartholomew 
Mosse; we are entertained with “‘ rabbits and quacks,” and we 
marvel at the astonishing success of that notorious quack James 
Graham, with his ‘* magnetic throne,” his “ electrical bath,” and 
his “‘ celestial bed.”” We relive the tragedy of puerperal pestilence, 
and we are present at the birth of gynaecology and the advent of 
anaesthesia. The statement that Henry VIII’s ulcerated “ sore 
legge ”’ was probably gummatous does not accord with the opinion 
of such authorities as D’Arcy Power, Eardley Holland, Whitridge 
Williams, and Philip F. Williams. In a book bearing the title 
Eternal Eve, the tale of Halsted’s introduction of surgical rubber 
gloves could suitably have been enlivened by mentioning the reason 
behind this pioneer venture—his attractive head nurse with the 
sensitive hands, the future Mrs Halsted. In the bibliography the 
author modestly omits his own important book on Lawson Tait, 
and A. M. Claye’s The evolution of obstetric analgesia (1939) might 
also have been included. On p. 666 Mr Johnston Abraham is 
given an incorrect initial. 

W. R. Bett 





PARTICULARS OF BOOKS REVIEWED ELSEWHERE 


Selected Writings of Sir William Osler, 12 July 1849 to 
December 1919 


Edited by Alfred White Franklin. London: Geoffrey Cumber- 
lege, 1951. xx + 278 pages ; 5 illustrations. 22 x 14 cm. 
15s. [£0.75] 


It is difficult for those who never knew Osler to understand the 
extraordinary hold exercised by his personality over those who were 
his friends or acquaintances. Fortunately he has written much 
that will always be of interest and it is only necessary to read some 
of his writings to realize something of his character and greatness. 
It was a happy thought on the part of the Osler Club of London to 
reprint some of his essays and addresses, for these reflect his wide 
scholarship, his love of books, and his wise counsel. 


PARTICULARS OF BOOKS REVIEWED ELSEWHERE IN THIS 
NUMBER 


The numerals in square brackets 
are the PAGE numbers of the 
articles in which these books are 
reviewed 


[80] National Health Service : the Development of 
Consultant Services 


Ministry of Health. London: His Majesty’s Stationery 
Office, 1950. 39 pages. 24x 15cm. 9d. [£0.0375] 


[84] Lutte Antipaludique par les Insecticides 4 Action 
Rémanente : Resultats des Grandes Cam- 
pagnes 

E. J. Pampana. Geneva: World Health Organization, 1951. 


(World Health Organization Monograph Series No. 3.) 
72 pages ; 11 figures. 24x 16cm. 4 Sw. fr. 


[84] The Care of Babies and Young Children in the 
Tropics 

John Gibbens. Revised edition. London: National Associa- 

tion of Maternity and Child Welfare Centres and for the 


Prevention of Infant Mortality, 1948. 15 pages. 18 x 13cm. 
1s. [£0.05] 


[84] Notes on Preservation of Personal Health in 
Warm Climates 


R. Ford Tredre. London: The Ross Institute of Tropical 
Hygiene, 1951. 59 pages ; illustrations. 16 x 11 cm. 


The 16 essays now reprinted include the Harveian Oration of 
1906, “* The collecting of a library ’’, which appeared as a preface in 
the Bibliotheca Osleriana, and the biographical sketches of Sir 
Thomas Browne, Patin, Burton, Servetus, Beaumont, and Laennec. 
The “ Letters to my house physicians,” not previously reprinted, 
show Osler’s concern for those on the threshold of medicine. 

In an introductory appreciation of Osler, Mr Geoffrey Keynes 
reminds us that the generation which knew Osler is quickly passing, 
and with it the memory of his living presence. His memory cannot 
better be served than by the reading of his addresses and essays. 
The present collection has been carefully chosen and will appeal 
both to those who are familiar with Osler’s writings and to those 
who are reading them for the first time. se 


[84] Acari as Agents Transmitting Typhus in India, 
Australasia and the Far East 


Susan Finnegan. London: The Trustees of the British 
Museum, 1945. (British Museum (Natural History) Econo- 
mic Series No. 16.) 78 pages; 49 figures. 12 x 14 cm. 
1s. 6d. [£0.075] 


[85] A Guide to Professional Nursing: Nursing, 
Midwifery, and the Allied Professions 


Bethina A. Bennett. London: Faber & Faber Ltd., 1951. 
231 pages ; 33 plates. 22 x 14cm. 18s. [£0.9] 


[85] English-German Medical Dictionary 


Compiled by F. S. Schoenewald. London: H. K. Lewis & Co. 
Ltd., 1951. viii + 242 pages. 25 x 19cm. £1 15s. [£1.75] 


[85] Catalogue of Lewis’s Medical, Scientific and 
Technical Lending Library 

New edition, revised to 31 December 1949. London : 

H. K. Lewis & Co. Ltd., 1950. xii + 1152 pages. 22 x 


14 cm. £1 15s. [£1.75]. (17s. 6d. [£0.875] to subscribers 
to Library) 


[87] A Medical History of Persia and the Eastern 
Caliphate from the Earliest Times until the 
Year A.D. 1932 


Cyril Elgood. Cambridge: University Press, 1951. xii + 
617 pages ; 6 illustrations. 24 x 16cm. £2 10s. [£2.5] 


188] The Medical Works of Hippocrates 


A new translation from the original Greek made especially 
for English readers by the collaboration of John Chadwick 
& W. N. Mann. Oxford: Blackwell Scientific Publications, 
1950. vii + 301 pages ; 1 illustration. 22 x 15cm. £1 
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Shorter Notices 


The Law Relating to Mental Treatment 
and the Health Service 


Harold Berry. London: J. & A. Churchill Ltd., 
1951. xiv + 121 pages. 19 x 13cm. 8s. 6d. 
[£0.425] 


This book is rendered necessary, in the opinion 
of the author, because of the somewhat complex 
administration of the law relating to mental treat- 
ment and mental deficiency. The author has for 
many years been engaged in this branch of local 
government administration and he hopes that general 
practitioners, mental health workers, and other 
authorized officers will welcome a concise publica- 
tion into which has been incorporated the main 
sections of various Statutes. 

There are two main divisions of the book: the 
first, dealing with the Lunacy and Mental Treatment 
Acts; the second, with the welfare of mental 
defectives. The provisions of the Criminal Justice 
Act, 1948, in respect of persons who are found to be 
suffering from mental disorder, are dealt with at 
length. Annotations and case-law are included for 
the benefit of the student, and the detailed list of 
contents and table of Statutes should facilitate 
reference to the law upon any particular point which 
may arise. 


Scientific and Learned Societies of 
Great Britain : a Handbook compiled 
from Official Sources 


Edited by the British Council. Fifty-seventh 
edition. London: George Allen & Unwin 
Ltd., 1951. 227 pages. 22 x 14 cm. £1 10s. 
[£1.5] . 


Directory of International Scientific 
Organizations 

United Nations Educational, Scientific and Cultural 
Organization. Paris: United Nations Educa- 
tional, Scientific and Cultural Organization, 
1950. (UNESCO Publication 619.) xiii + 224 
pages. 24x 15cm. 6s. [£0.3] 


The first of these reference books is the successor 
to the former Yearbook of scientific and learned 
societies which ran into over fifty editions but which 
ceased publication in 1939. The editing has now 
been taken over by the British Council and this 
useful handbook makes its first appearance after 
eleven years. A new section (Part I) has been added 
in which the organization of scientific and medical 
research in Great Britain is outlined, and a chart 
shows the very complex relationships, both ad- 
ministrative and financial, which exist between the 
numerous bodies, governmental and other, engaged 
in scientific and medical research. In Part II, 
which is substantially the former Yearbook brought 
up to date, details of over 600 societies and organiza- 
tions are given. This handbook, if kept constantly 
revised, should prove a useful work of reference, 
though the price seems somewhat high. 

The second of these books does in the international 
sphere what the first does in the national, and has 
appropriately been issued by UNESCO. Some 200 
international scientific organizations are listed and 
for most of them such information as aims, names of 
officers, finances, publications, meetings, short 
history of the organization, etc., is given. The 
organizations have been grouped in three classes, 


SHORTER NOTICES: REVIEWS 


basic sciences, applied sciences (subdivided into 
agriculture, engineering and medicine), and miscel- 
laneous. This compilation provides a mass of 
useful information difficult to obtain elsewhere. 


Opportunity and the Deaf Child 


Irene R. Ewing & Alex W. G. Ewing, with an 
appendix by Molly Sifton. Second edition. 
London: University of London Press Ltd., 1950. 
x + 252 pages. 19 x 13cm. 10s. 6d. [£0.525] 


The problem of the educational treatment of the 
deaf child is considered by the authors of this book, 
one of whom has had prolonged personal experience 
of deafness. They endeavour to show that the 
beginnings of lip-reading and speech can be estab- 
lished through home training in infancy, and that 
preparation for all stages of speech activity, through 
lip-reading to the achievement of fluent intelligible 
speech, can and should begin in the nursery school. 

An appendix is contributed by Miss Molly Sifton 
who at the age of five was wordless-—a deaf and dumb 
child. She tells the story of her triumph over her 
disability, throughout her life at school and at 
college, with the hope that it may help parents who 
are distressed by the discovery of deafness in their 
own children. A _ useful bibliography is also 
included. 


Tuberculosis : Report of the Scottish 
Health Services Council’s Committee 
on Tuberculosis 


Department of Health for Scotland, Scottish 
Health Services Council. Edinburgh: His 
Majesty’s Stationery Office, 1951. 63 pages; 
11 figures. 24x 15cm. 1s. 6d. [£0.075] 

This Report reviews the incidence of respiratory 
tuberculosis in Scotland, with special reference to 
social conditions and nature of employment. 

Up to the end of the nineteenth century, tubercu- 
losis caused no less than 10,000 deaths per year. 
This annual figure declined until 1938 when the 
minimum of 3,432 was reached. Thereafter the 
figures were higher, until in 1946 and 1947 8,078 
people died from all forms of the disease. “Tubercu- 
losis is now fifth among the causes of death in 
Scotland, but from the national point of view it is 
of first importance, because its victims are predomi- 
nantly young aduits. 

The Committee appointed to review the problem 
consider that control of the disease must be based on 
the prevention of infection and on measures designed 
to raise the individual’s level of resistance to it. 
Early diagnosis of pulmonary tuberculosis is of 
fundamental importance. Adequate provision must 
be made for hospital in-patient and out-patient 
treatment. The Committee approve the policy of 
giving housing priority to infected families, and 
welcome the introduction of BCG vaccination for 
certain classes of the population particularly exposed 
to infection. The importance of education in the 
methods of preventing the spread of infection is 
emphasized. There is no evidence to indicate that 
the nutritional state of the Scottish people has so 
deteriorated as to have become a possible contribu- 
tory factor. 

Finally, the Report recommends that investigation 
of the following factors should be made: (i) the 
separate influence of environmental factors such as 
occupation, social class, and dietary of the patient ; 
(ii) re-housing of tuberculous households ; (iii) the 
tuberculin state of the population ; (iv) the spread 
of infection; (v) the effect of different therapies ; 
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(vi) the effect of the genetic constitution of the 
individual and (vii) of natural factors such as humid- 
ity and temperature, and of artificial factors, such 
as smoke, on the incidence, spread and mortality 
rates. 


Worth and Chavasse’s Squint: the 
Binocular Reflexes and the Treatment 
of Strabismus 


Edited by T. Keith Lyle. Eighth edition. 
London: Bailli¢re, Tindall & Cox, 1950. x + 319 
pages; 208 figures. 26 x 19 cm. £1 15s. 
[£1.75] 

Since this book was written by Worth nearly 50 
years ago it has undergone two major revisions : one 
by Bernard Chavasse, the other, in this 8th edition, 
by Keith Lyle. The latter has completely revised 
the text and has simplified and rewritten much of it 
in order to make it more comprehensible to the 
average reader. The general aim of the book is to 
explain the aetiology of strabismus in terms of 
developmental anomaly. Surgical treatment is 
dealt with according to general principles, and 
details of operations of which the present editor has 
no experience are not included. Illustrative cases 
are described, where applicable in the text, and an 
appendix, dealing with certain cases of ocular palsy 
with reference to investigation and treatment, has 
been added. 





National Insurance (Industrial Injuries) 


Douglas Potter & D. H. Stansfeld. Second edition. 
London: Butterworth & Co. Ltd., 1950. xix 
+ 392 pages. 25 17cm. £11s. [£1.05] 


This book comprises three main sections : first, 
a general introduction to the background and pro- 
visions of the National Insurance (Industrial 
Injuries) Acts of 1946 and 1948; second, the text 
of these two Acts; third, in chronological order, 
the orders and regulations necessary to implement 
the provisions of the Acts. 

The Ist edition of the book was published shortly 
after the 1946 Act received the Royal Assent and 
some two years before it came into force, with the 
National Insurance Act, in July 1948. Since that 
time, of course, a considerable number of regulations 
have been added ; these have been included in this 
edition, together with the amendments made by the 
National Insurance (Industrial Injuries) Act, 1948. 
The law here stated, therefore, is as it was at 
1 January 1950, 


Orthopaedic Nursing 


Mary Powell. Edinburgh: E. & S. Livingstone, 
Ltd., 1951. xii +400 pages; 210 figures. 
22 x 14cm. £15s. [£1.25] 


Sir Reginald Watson-Jones in his foreword 
remarks: ‘* Never before have the details of ortho- 
paedic nursing been presented with greater clarity ”’ ; 
the text is augmented throughout by abundant 
illustrations of patients and apparatus. The author, 
Assistant Matron in charge of Children’s Annexe, 
and Sister Tutor in Orthopaedic Nursing, Robert 
Jones and Agnes Hunt Orthopaedic Hospital, 
Oswestry, here records the teachings of Agnes Hunt 
and something of the traditions of her hospital. She 
writes for nurses and physiotherapists in training 
for the Orthopaedic Nursing Certificate, and for 
those engaged in the orthopaedic wards of general 
hospitals and tuberculosis sanatoria, all of whom 
will find the book an invaluable aid in their studies 
and daily work. 

















































































































































































































































































































The Medical Annual : a Year Book of 
Treatment and Practitioners’ Index 


Edited by Henry Tidy & A. Rendle Short. Bristol: 
John Wright & Sons Led., 1951. xlii + 420 
pages; 57 plates; 38 figures. 22 x 14 cm. 
£1 7s. 6d. [£1.375] 


This well-established work, now in its 69th year, 
contains reviews by some 45 leading experts on the 
work done and on the advances which have been 
made, during the preceding twelve months, in their 
own fields of medicine and surgery. There are also 
original articles on special subjects such as Q fever, 
disseminated lupus erythematosus and kwashiorkor. 


New Editions 


Poisons: their Isolation and Identifica- 
tion 


Frank Bamford. Third edition, revised by C. P. 
Stewart. London : J. & A. Churchill Led., 1951 
viii + 316 pages; 23 illustrations. 22 x 14 
cm. £15s. [£1.25] 


This book is intended as a laboratory manual for 
all chemists who have to deal with cases of poisoning. 
With the object of producing a more logical order, 
the general plan of the book in this edition has under- 
gone some change, and the section on barbiturates 
has been considerably altered. However, the 
author’s scheme for the identification of alkaloids, 
which he regarded as the most important section of 
the book, has been left untouched. 
~ The 2nd edition was reviewed in British Medical 
Bulletin, 1948, Vol. 5, p. 407. 


Surgical Nursing and After-Treatment: 
a Handbook for Nurses and Others 


H. C. Rutherford Darling & T. Edward Wilson. 
Tenth edition. London: J. & A. Churchill 
Ltd., 1951. ix + 630 pages ; 188 illustrations. 
19x 12cm. 16s. [£0.8) 


This book deals with surgical nursing only and it 
has been written in accordance with the syllabus 
of the Australasian Trained Nurses’ Association. 
In the 10th edition the text has been thoroughly 
revised by Mr T. Edward Wilson who now appears 
as co-author with Mr H. C. Rutherford Darling. 
Although a number of new sections has been added, 
two former chapters are no longer included, so that 
the total bulk of the book remains unaltered. 

The 9th edition was reviewed in British Medical 
Bulletin, 1946, Vol. 4, p. 159. 


The Pharmacology and Therapeutics of 
the Materia Medica (Bruce and 
Dilling’s ‘* Materia Medica and 
Therapeutics ”’) 

Walter J. Dilling. Nineteenth edition. London : 


Cassell & Co. Led., 1951. xxxii + 598 pages. 
19 x 13cm. £11s. [£1.05] 


The 19th edition of this book has been thoroughly 
revised to conform with the official preparations of 


NEW EDITIONS: REVIEWS 


Recent work on cortisone and adrenocorticotrophic 
hormone (ACTH) is fully summarized. In addition 
to the review of the year’s work, which comprises 
the major part of the book, there is a section giving 
short descriptions of new pharmaceutical products 
and medical and surgical appliances. There is also 
a list of English and American medical works and 
new editions published during the twelve months 
under review. 


Modern Treatment Year Book 1951 : 
a Year Book of Diagnosis and Treat- 
ment for the General Practitioner 

Edited by Cecil Wakeley. London: published 


the British Pharmacopoeia 1948, and the descriptions 
of many obsolete remedies have been removed. 
Essential facts concerning many new drugs are given, 
and the sections on therapeutics have been revised. 

The 18th edition was reviewed in British Medical 
Bulletin, 1945, Vol. 3, p. 62. 


Introduction to Surgery 


Virginia Kneeland Frantz & Harold Dortic Harvey. 
Second edition. New York : Oxford Univer- 
sity Press; London: Geoffrey Cumberlege, 
1951. xii + 233 pages ; 12 illustrations. 19 
x 12cm. £11s. [£1.05] 


In their introduction to this book the authors 
state that operative surgery is based on an under- 
standing of the responses of the tissues of the body 
to various types of injury, and of the repair that 
follows. They aim, therefore, to instruct the student 
in the principles underlying all surgical work. Since 
the Ist edition appeared in 1946 advances in therapy, 
particularly in the use of antibiotics, have led to 
certain additions and to the rewriting of some sec- 
tions. 

The Ist edition was reviewed in British Medical 
Bulletin, 1947, Vol. 5, p. 274. 


A Short Textbook of Midwifery 


G. F. Gibberd. Fifth edition. London: J. & A. 
Churchill*Led., 1951. viii + 576 pages; 199 
illustrations. 22 x 14cm. £1 5s. [£1.25] 


In writing this book, the author intended to stimu- 
late the interests of the student in the subject of mid- 
wifery, as well as to provide him with facts. The 
gradual changes in outlook that have been taking 
place in the last few years have necessitated extensive 
revision of the text in this edition, and certain sec- 
tions, such as those on the treatment of placenta 
praevia, and on the management of phthisis in 
pregnaricy, have been completely rewritten. In 
recent years great advances have been made in the 
use of chemotherapy for the treatment of infections : 
nevertheless, the section on puerperal infections 
remains a lengthy one, for the author considers 
that such infections offer ‘‘ a rich field in which to 
study the general features of bacterial invasion of 
tissues...” 

The 4th edition was reviewed in British Medical 
Bulletin, 1947, Vol. 5, p. 275. 


Milk: Production and Control 
Wm. Clunie Harvey & Harry Hill. Third edition. 
London : H. K. Lewis & Co. Ltd., 1951. viii + 
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for the Medical Press by Bailli¢re, Tindall & Cox 
1951. xxi + 360 pages; 61 figures. 22 x 14 
cm. 17s. 6d. [£0.875] 


This year-book, published for the Medical Press, 
contains articles on a wide range of subjects, con- 
tributed by over 40 specialists. All are of interest 
and value to the general practitioner, and diagnosis 
as well as treatment is considered. The treatment 
of many conditions has altered with the increasing 
use of antibiotics, but the warning is given that too 
constant use of these drugs may cause resistance to 
them to develop in the patient. Most of the articles 
include references and there is a subject index. 


758 pages; 238 illustrations. 25 x 16 cm. 
£2 17s. 6d. [£2.875] 


This book was written in order to present the 
problems of the milk industry in Great Britain as 
they affect the producer, the distributor, the bac- 
teriologist, the consumer, and others. In this 
edition have been included the recent important 
changes in legislation dealing with milk. A supple- 
ment has been added which draws attention to the 
changes embodied in the new Food and Drugs Act, 
1950, which came into operation on 1 January 1951. 

The 2nd edition was reviewed in British Medical 
Bulletin, 1947, Vol. 5, p. 268. 


Handbook of Diagnosis and Treatment 
of Venereal Diseases 


A. E. W. McLachlan. Fourth edition. Edin- 
burgh: E. & S. Livingstone Ltd., 1951. viii + 
368 pages; 160 illustrations. 19 x 13 cm. 
17s. 6d. [£0.875] 


The author’s aim in writing this book was to pro- 
vide an introduction to the principles of diagnosis 
and treatment of venereal diseases, suitable both for 
the student and the practitioner. Since the last 
edition was published greater knowledge of the 
value of penicillin in the treatment of syphilis and 
gonorrhoea has been gained and this edition has 
been revised to include references to advances which 
have been made. 

The 2nd edition was reviewed in British Medical 
Bulletin, 1946, Vol. 4, p. 69. 


A Handbook of Ophthalmology 


Humphrey Neame & F. A. Williamson-Noble. 
Seventh edition. London: J. & A. Churchill 
Ltd., 1951. xi + 338 pages; 13 plates; 46 
illustrations; 155 figures. 24x16 cm. 
£1 2s.6d. [£1.125] 


In writing this book for undergraduate students 
and general practitioners, the authors have omitted 
all reference to the rarities of ophthalmology and 
have dealt in greatest detail with those conditions 
of the eye which form the bulk of hospital out- 
patient practice. It is only two years since the 
publication of the 6th edition but a number of small 
changes and alterations have been made to bring 
the book fully up to date ; for example, mention has 
been made of developments in the use of the anti- 
biotic drugs in ophthalmology which have taken 
place recently. 

The 6th edition was reviewed in British Medical 
Bulletin, 1949, Vol. 6, p. 244. 
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Books Received 


April 1951—July 1951 


Reviews of many of these books 
appear in this number of the 
Bulletin or will appear in future 
numbers 


American Ophthalmological Society. Transactions 
of the American Ophthalmological Society. (Vol. 48. 
Eighty-sixth annual meeting, Hot Springs, Vir- 
gimia, 1950.) 1951. Published for the American 

thalmological Society by Columbia Univer- 
sity Press (New York) ; Geoffrey Cumberlege 
(London), £4 17s. 6d. [£4.875] 


, F. Poisons: their isolation and identifi- 
cation. 3rd ed., revised by C. P. Stewart. 1951. 
Churchill (London), £1 5s. [£1.25] 


Banks, H. S., editor. Modern practice in infectious 
fevers. Vols.1,2. 1951. Butterworth (London), 
£5 the set of 2 volumes 


Beaumont, W. Diathermy : ucume therapy, 
inductothermy, _epithermy, mg-wave therapy. 
2nd ed. 1951. Lewis TPondoone £1 ls. [£1.05] 


—. os 4 we | to professional nursing : 
nurst ery, 2 the allied wen 
1951. Gomme aber . #. x, 18s. [£0.9] 


Berry, H. The law relating to mental treatment and 
the encoun” 1951. Churchill (London), 
8s. 6d. 


Best, C. H. & Taylor, N. B. The physiological basis 
of medical practice: a text in applied physiology. 
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The Life-Cycle of the Malaria Parasite 


made by the Film Producers Guild, under the supervision of Professor 
H. E. Shortt, F.R.S., for Imperial Chemical Industries Ltd. ; 
obtainable from Imperial Chemical Industries Ltd., Film Library, 
61 Curzon Street, London, W.1; available in 16 mm. sound, 770 
feet (235 m.); Technicolour; 21 minutes 


The “ news” in the field of the life-cycle of the human malaria 
parasites is the recent recognition of their exoerythrocytic or tissue 
phase, which is passed through after the sporozoite enters the body 
and lasts until the red blood cells are infected. Although such a 
stage has been known in avian malaria parasites for some time, its 
occurrence in mammalian and later in human malaria parasites 
has been demonstrated only in the past few years, by Professor 
H. E. Shortt! and his collaborators. The investigation of this 
phase in the human parasites necessitated the use of human volun- 
teers and the removal, under anaesthesia, of a small portion of 
liver on a carefully selected day. That the film has been prepared 
under the supervision of Professor Shortt himself is a guarantee of 
its accuracy. 

The film starts with a gentle introduction in an old-time Chinese 
setting, which recurs at appropriate junctures during the film, in 
a colour theme which well suits that of the stained parasites that 
are the real dramatis personae of the film. Throughout the film 
the parasites are excellently shown and coloured. The develop- 
ment from the sporozoite of the unpigmented exoerythrocytic 
schizont in the liver cells until the merozoites are liberated into the 
blood from the 8th to the 12th day is well shown. These then 
infect some of the circulating red blood-cells in which they undergo 
a further schizogony, with the production of pigment, until 
when mature, 48 to 72 hours later, further merozoites are liberated 
by the rupture of the infected red cell. This is followed by the 
development of the febrile malarial paroxysm. This relationship 
is well shown, and of particular merit is the handling of the multiple 


* See article by Professor Shortt, in this number, p. 7. 
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broods of parasites at the onset of the malarial attack. Also shown 
are the reinfection of the liver cells by some of the Plasmodium vivax 
merozoites that have just escaped from infected liver cells and their 
further development therein which probably accounts for the later 
development of malarial relapses in infections with that species. 

In the mosquito the production, from the corresponding game- 
tocytes, of the male and female gametes, and the fertilization of the 
latter by the male to form the travelling ookinete which then 
penetrates the wall of the mosquito’s stomach and within 24 hours 
comes to rest On its outer surface are well shown. The development 
is then traced through the growing oocyst to the liberation of the 
sporozoites by the rupture of the mature oocyst about 8 to 10 days 
later and the infection of the salivary glands. The female mosquito, 
while biting a gentlemanly Chinese toe, first injects some saliva 
before partaking of her required blood meal. If she be infected 
her saliva may contain sporozoites and thus the circle is completed. 
The parasites are sometimes shown by the familiar technique of 
the animated cartoon, but most frequently the illusion of move- 
ment or growth is obtained by a series of * mixes’ between the 
diagrams of succeeding stages. 

Then follows a table of the zoological classification of the malaria 
parasites which leads on to the differentiation of the various erythro- 
cytic stages of the four species of Plasmodium that infect man. The 
diagrams in this part of the film are necessarily static and they are 
only linked pictorially by the technical device called a ‘ wipe’. 
The film ends with a brief recapitulation of the life-story of the 
parasite and of the geographical distribution of malaria. On many 
of the parasitological pictures, especially when no red cell is present, 
a micron scale is usefully included. 

From all aspects of cinematographic technique and for the 
accuracy and clarity of its scientific content the film is excellent. 
Although it may contain rather too much detail for anyone who 
has not more than a nodding acquaintance with the vagaries of the 
malaria parasite to master on one viewing of the film, repetition 
would soon lead to understanding. As a medical teaching instru- 
ment at all stages of the study of the malaria parasite it will be of 
the greatest value, and all concerned in the production are to be 
complimented. This film won the first prize in the Scientific- 
Medical Section of the 1951 Venice Film Festival. 

C. J. Hackett 
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PART ONE 
ISOTOPES IN MEDICINE 


Scientific Editor: G. Popjdk 


Isotopes in Medicine 


Within a little more than a decade the physicists have placed a most powerful new tool 
fairly and squarely in the hands of the biologists. There are some who believe indeed that this 
tracer method of investigation will prove in the long run to be the most fruitful physical technique 
yet adapted for biological investigation. This number of the Bulletin will reveal that the necessary 
materials and facilities for handling isotopes are readily available in Great Britain, that the 
general principles governing their use are well understood and that an exciting period of appli- 
cation has begun. The story of how this came about is worthy of mention. 


111 





It is well known that the first biological use of isotopes 
was made in Europe—by G. Hevesy in 1923. If we 
except the consistent contribution of this Danish scientist 
right up to the present time, it can be said that the centre 
of activity subsequently shifted abruptly to the United 
States of America by virtue of a succession of brilliant de- 
velopments there—the discovery of deuterium, the inven- 
tion of the cyclotron and the practical realization of the 
first chain-reacting pile. Unique facilities were thereby 
placed at the disposal of American biologists and great 
progress was made, much of which is described in 
Schoenheimer’s Dynamic state of body constituents 
(Cumberlege, London, 1946). The scientists of a war- 
torn Europe could do little more than look on with envy 
at the opportunity, and with admiration for the manner 
of its exploitation. 

Towards the end of the war the situation began to 
change, mainly because of a far-sighted decision by the 
United States Atomic Energy Commission to make 
radioactive isotopes available to European scientists— 
and at prices far below their cost of production! It is 
not so well known also that at this time—and indeed for 
a year or two in advance of the Commission’s decision 
—a great service was rendered to British biological 
science by a few leading Americans in charge of cyclo- 
trons. Not only did they send materials, but, in some 
cases, they crossed the Atlantic expressly to advise on 
their use. In these two ways an intermittent trickle of 
radioactive and stable isotopes gradually increased to 
a steady and substantial flow, just at a time when British 
physicists able to help in their use were returning from 
war work in the United States and Canada. 

To take full advantage from the new situation, the 
Medical Research Council appointed a Tracer Elements 
Committee in 1946, and this still functions under the 
Chairmanship of Sir Charles Harington. In addition, 
as an interim measure covering a few years, bulk con- 
signments of isotopes were dispensed at the National 
Institute for Medical Research, Hampstead, and de- 
livered to biological and agricultural users. At first the 
amounts handled in this way were small, but with the 
advent of isotope therapy, quantities of several hundred 
millicuries were sent out with increasing frequency. 
Early in 1948 the first consignment of radioactive carbon 
arrived and was handled with unusual circumspection 
since the hazard to health was not at that time well 
understood. 

Shortly afterwards, the Canadian pile began to produce 
vast amounts of this isotope as well as Co and other 
isotopes of activities higher—gram for gram—than even 


the best American products. Finally, after much plan- 
ning had taken into account the potential biological 
requirements of the British Commonwealth, the Harwell 
pile came smoothly into action and for the first time it 
could be said that British biologists enjoyed supplies 
and facilities equal to the best to be had in America. 

The only exception to this statement concerns radio- 
carbon for, although the supply of labelled carbonate 
was more than adequate, there still remained the problem 
of preparing the variety of labelled compounds which . 
modern biochemical research requires. This is a special 
kind of organic chemistry requiring new synthetic 
methods and new vacuum techniques, and it is a subject 
to which American chemists have applied themselves 
with great ingenuity. The undertaking in Great Britain 
has been entrusted to the Radiochemical Centre, 
Amersham, which has unique experience in the handling 
of radium, and the results, which are embodied in the 
article by W. P. Grove and J. R. Catch, have exceeded 
the best expectations. 

Coming to the end of this decade of preparation and 
development, the bold course is taken in this number of 
the Bulletin of setting out for the first time a cross-section 
of the kind of investigations and treatments which are 
being carried out at the present time in Great Britain. 
It is to be hoped that those Americans who did so much 
to help this country in the early stages of this develop- 
ment will find that their British colleagues have been apt 
pupils, and that British readers will not regard the en- 
thusiasm of the contributors for the new tool as mis- 
placed. A little patience may be necessary; medical 
readers, in particular, should bear in mind the number o! 
years which are usually required for even a simple bio- 
chemical discovery to influence medical teaching and 
practice—and few will suggest that the discoveries being 
made today in biochemical fields by means of tracers are 
simple in nature or immediately applicable to practical 
medicine. On the contrary, most will agree that they 
reveal an astonishingly complicated state of affairs, the 
fundamental nature of which must ultimately profoundly 
affect medical and biological practice. In such a vast 
and rapidly expanding field, the contingent of new- 
comers represented in this number of the Bulletin must 
surely be welcomed. Is it too much to hope that the 
distinguished company of established users, joined as 
they will be by others who are still to have an oppor- 
tunity of working in this field, will all help towards a 
humane achievement which will more than offset the 
ugly destructive features of this atomic age? 

A. S. McFarlane 


We should like to make special acknowledgement of our indebtedness to Dr A. S. McFarlane 

for his invaluable help in the planning of this extensive symposium. Not only has he himself 

written the Introduction and contributed a paper, but it was with his advice that its general 

plan was devised. Other contributors have also offered useful suggestions, which have been 
incorporated. 
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with the aid of isotopes, the exchanges of carbon, 
and of sodium, between cells and body fluids. 


ProressoR H. A. Kress has since 1945 been Pro- 
fessor of Biochemistry at the University of Sheffield, 
and Director of the Medical Research Council’s 
Unit for Research in Cell Metabolism. He con- 
tinues to pursue his studies of intermediary meta- 
bolic processes, especially in the field of carbohydrate 
and protein metabolism. Before 1933 he contri- 
buted papers to the Zeitschrift fiir Physiologische 
Chemie, and since that date to the Biochemical 
Journal. Professor Krebs is a Fellow of the Royal 
Society and Socio Straniero of the Accademia 
Nazionale dei Lincei. 


113 


Dr A. S. MCFARLANE is Head of the Biophysics 
Division at the National Institute for Medical Re- 
search, London. He started as a biochemist in 
Glasgow and later became interested in the physical 
side of protein research while holding a Beit 
Memorial Fellowship in Svedberg’s laboratory in 
Upsala. He then joined the staff of the Lister 
Institute of Preventive Medicine, London, and with 
the help of a grant from the Rockefeller Foundation 
set up the Ultracentrifuge Laboratory there. 
During the Second World War Dr McFarlane was 
in charge of the Medical Research Council’s Plasma 
Drying and Fractionation Unit at the Serum Labora- 
tories, Carshalton, and in 1944 he joined the staff at 
the National Institute for Medical Research. He 
became Secretary of the first MRC Tracer Elements 
Committee in 1946. 


Dr E. M. McGrrr graduated in science and medi- 
cine at Glasgow, and is now Consultant in Medicine 
at the Royal Infirmary, Glasgow. Since 1949 he has 
been interested in the application of radioactive 
isotopes in clinical medicine, and his present work 
involves the use of **Na in tissue clearance studies, 
particularly with regard to muscle circulation ; 
*2P in the treatment of polycythaemia rubra; and 
1311 in the diagnosis of thyroid dysfunction and the 
treatment of selected cases of thyrotoxicosis. 
Dr McGirr has at present two papers in press on 
studies of clearance of **Na—one in Clinical Science, 
and the other in the Glasgow Medical Journal. 


Dr A. G. MACGREGOR is Lecturer in Therapeutics 
at the University of Sheffield. In addition to ex- 
perimental work on artificially induced serum myo- 
carditis in rabbits, he has been interested in some 
genetic studies. His chief work, however, is the 
study and investigation of cardiovascular and endo- 
crine disease, and especially studies of thyroid 
function. 


Dr N. B. MYANT, a member of the permanent staff 
of the Medical Research Council, has worked in 
the Department of Clinical Research, at University 
College Hospital, London, since 1948. His investi- 
gations have been chiefly on problems connected 
with iodine metabolism in man. 


Dr A. NEUBERGER has contributed to the Bulletin 
(Brit. med. Bull. 1948, 5, 346) an earlier paper on 
amino-acids in nutrition, with which a biographical 
note was published. His current work is mainly on 
porphyrin and amino-acid metabolism. In 1951 
Dr Neuberger became a Fellow of the Royal 
Society. 


Dr RALSTON PATERSON has since 1931 been Director 
of the Radium Institute of the Christie Hospital 
and Holt Radium Institute, Manchester. He was 
President of the 6th International Congress of 
Radiology in London in 1950. Dr Ralston Paterson 
is author of The treatment of malignant disease by 
radium and X-rays (1948). 


Dr S. R. Petc is a physicist at the Medical Research 
Council’s Radiotherapeutic Research Unit, at 
Hammersmith Hospital, London. His chief work 
has been concerned with the mobility of electrons 
in ionic crystals, the photographic action of x rays, 
and hospital physics. At present he is working on 
the theory and technique of autoradiography and on 
the application of autoradiography to problems of 
synthesis of nucleic acids and proteins. 


Dr ROSALIND Pitt-Rivers is a member of the 
Scientific Staff of the Medical Research Council, at 
the National Institute for Medical Research, 





London. Her main™ work has beenJon the bio- 
chemistry of the thyroid hormone, and she is con- 
tinuing these investigations. She has recently been 
awarded the William Julius Mickle Fellowship of 
the University of London. 


Dr G. PopjAK was a British Council Scholar between 
1939 and 1941 when he worked at the Postgraduate 
Medical School of London. From 1941 to 1943 he 
was Demonstrator in the Department of Pathology, 
St Thomas’s Hospital Medical School, London, 
where he continued until 1947 as a Beit Memorial 
Fellow for Medical Research. Since 1947 he has been 
a member of the Scientific Staff of the Medical 
Research Council at the National Institute for 
Medical Research, London. His investigations are 
mainly concerned with problems of fat metabolism. 


Dr E. B. Reeve is a member of the Medical Research 
Council’s Scientific Staff. In 1940 he joined 
Dr R. T. Grant, O.B.E., F.R.S., at the Clinical 
Research Unit at Guy’s Hospital, London. When 
their laboratory was bombed, they decided to work on 
the effects of ‘* shock ” on air-raid casualties ; their 
results are published in the Medical Research 
Council’s Special Report No. 277, Observations on 
the general effects of injury in man'(1951,"London). 
All Dr Reeve’s work has arisen from observations 
on injured man. He is now working on further 
problems of blood volume, at the Department of 
Physiology, College of Physicians and Surgeons, 
Columbia University, with Dr Magnus Gregorsen 
and his collaborators. 


Dr HENRY SELIGMAN is Head of the Isotope 
Division of the Atomic Energy Research Establish- 
ment, Harwell, and Secretary of the Isotope Advisory 
Committee. He has been connected with the 
Atomic Energy Project for the last ten years: first at 
Cambridge, then at Montreal and Chalk River, and 
since 1947 at Harwell. Dr Seligman has published 
a number of papers on the measurement of capture 
cross-sections by thermal neutrons for different 
elements (Canad. 7. Res. (A), 25,73). He has also 


NOTES ON CONTRIBUTORS 


been responsible for the preparation of 14 reports of 
a similar type, but these are not yet declassified. 


Dr W. K. Srncrair, formerly Radiological Physicist 
at the Dunedin Public Hospital, New Zealand, is 
now Assistant Physicist in the Physics Department, 
the Royal Cancer Hospital, London. There he is 
working on the physical aspects of the application of 
radioactive isotopes in therapy. In addition to 
various papers on work in this field, Dr Sinclair, 
with Dr L. F. Lamerton, has recently contributed 
a chapter on physical aspects of the clinical use of 
radioactive isotopes to Progress in biophysics and 
biophysical chemistry, vol. 2, by J. A. V. Butler & 
J. T. Randall (1951). 


Dr Lester SMITH is Senior Biochemist at Glaxo 
Laboratories Ltd., Greenford, Middlesex, where for 
25 years he has worked in various capacities. He 
has been concerned with research on the physical 
chemistry of soap solutions and saponification ; with 
research and development work on a range of fine 
chemicals and vitamins ; and is now working mainly 
on radioactive tracer studies. He isolated vitamin 
B,, shortly after—and independently of—its first 
isolation in the USA in 1948. Dr Lester Smith has 
published about 75 original papers in a wide range 
of scientific journals. 


Mr N. VEALL for the past five years has been working 
in the radioelements laboratory of the Medical 
Research Council’s Radiotherapeutic Research Unit 
at Hammersmith Hospital, London, on the develop- 
ment of instruments and techniques used in the 
medical applications of radioactive isotopes, and the 
applications of isotopes to medical problems 
generally. Before this, for five years he took part 
in the atomic energy project in Cambridge and 
Montreal, his work consisting of the development 
and construction of Geiger counters and other 
radiation detectors. 


Dr R. J. WALTON, formerly a British Empire Cancer 
Campaign Research Fellow in the Radiotherapy 
Department of the Royal Cancer Hospital, Londu>. 


is now Research Radiotherapist at that Hospital. 
He is working on research problems associated with 
the clinical uses of radioactive isotopes. 


Dr H. C. WARRINGTON graduated in Manchester in 
1942 and is now working on the staff of the Christie 
Hospital and Holt Radium Institute, Manchester, 
where he is associated with Dr Ralston Paterson 
in studies on the use of isotopes in the treatment of 
malignant disease. 


Prorgssor E. J. WAYNE is Professor of Pharmacology 
and Therapeutics at the University of Sheffield, and 
Physician at the Sheffield Royal Infirmary and at 
the Sheffield Children’s Hospital. He has worked 
chiefly in the cardiovascular and endocrine fields, 
and his main interest is in the investigation of 
disease in the human and the application of labora- 
tory discoveries to patients in the hospital wards. 


Dr J. G. DE WINTER is a radiotherapist at the Royal 
Cancer Hospital, London, and Consultant Radio- 
therapist to the Brighton and Lewes Group of 
Hospitals. He is particularly concerned with the 
perfection of radiotherapeutic techniques and with 
the improvement of the localization of tumours for 
the purposes of subsequent radiotherapy. His 
most important publications on these subjects have 
appeared in the British Fournal of Radiology. 


PROFessOR A. WORMALL is Professor of Biochemistry 
and Chemistry in the University of London, at 
St Bartholomew’s Hospital Medical College. He 
contributed a paper to the Bulletin (Brit. med. Bull. 
1948, 5, 333), on the contributions of chemistry to 
immunology, and a note on his work will be found 
in that number. 


Dr H. PayLinGc WRriGHT, who trained in haemat- 
ology at the London Hospital under Dr Janet 
Vaughan, is on the staff of the Obstetric Unit, 
University College Hospital Medical School, 
London, to carry out research into problems of 
thrombosis. She has published various papers on 
that subject. 


PRICE OF BRITISH MEDICAL BULLETIN 


PRESENT necessities compel an increase to a price comparable 
with that of other medical publications of similar size and 
standards. Therefore, beginning with Volume 9, the price of 
British Medical Bulletin will be $8.00 per volume. | Single 
numbers bought separately will cost $2.75 and double 
numbers $4.25. 


At the same time, it will be found necessary to drop the 
extensive separate section which, beginning with Volume 5, 
has been known as Part Two, and to restrict reviews, 
annotations and other such material to items connected with 
the subject of the symposium in each number. The comments 
of readers on this curtailment of book reviews and similar 
material are invited. It is hoped that the resulting concen- 
tration will enhance rather than decrease the value of each 
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References 


While radioactive and stable isotopes both offer a unique 
opportunity for the study of living processes under strictly 
normal physiological conditions, the radioactive isotopes may, 
in general, be followed to very much greater dilutions on 
account of the extremely sensitive methods of assay which are 
available for them. Each radioactive isotope is characterized 
by the rate at which its nuclei undergo spontaneous disintegra- 
tion, by the types of radiation emitted and by the energy 
associated with each particle or photon. These properties 
are completely invariant under all laboratory conditions and 
may, therefore, be used individually or collectively for the 
identification and assay of the isotope. 

The curie has been adopted by the International Com- 
mission on Radiological Units (1951)! as the unit quantity of 

1 Before 1950, the term curie could be applied strictly only to members of the 
uranium-radium disintegration series. As applied to other radioactive isotopes it 
was understood to mean different things by different authors, but always implied 
a disintegration rate within the limits 3.6—3.7 x 10° disintegrations/sec. For 
a period between 1946 and 1950, some authors have used the word “* Rutherford ” 


(rd) to signify that quantity of material which disintegrates at the rate of 1.00 x 10° 
disintegrations/sec. See, for example, Evans (1947). 


Vol. 8 No. 2-3 


all radioactive materials. The definition reads: ‘‘ The curie 

is a unit of radioactivity defined as the quantity of any radio- 

active nuclide in which the number of disintegrations per 

second is 3.700 x 10'°.” 

It follows that the number of radioactive atoms present in a 

. ; ps ie 107° 

specimen which has an activity of 1 curie is sxe ’ 
where 2 is the disintegration constant (in sec.~'); or 
3.7 x 10" x 1.44 x T = 5.33 x 10" x J, 


where 7; is the half-life of the isotope in seconds. 


1. Randomness of the Disintegration Process as an Ultimate 
Limit upon Accuracy of Assay 


The disintegrations which occur in any sample of a given 
isotope are randomly distributed in time, and therefore give 
rise to counts in any form of apparatus which records par- 
ticles emitted by individual disintegrations, which are also 
randomly distributed in time. The counts recorded in a 
number of equal time intervals will vary about the mean in 
the same manner as the number of cells per graticule square 
in a haemocytometer—i.e., in accordance with the Poisson 
formula—and in radioactive counting as in haematology 
there remains, after all systematic errors of technique have 
been eliminated, an error inherent in the randomness of the 
phenomenon which nothing but laborious counting can 
diminish. 

The reliability of an observation may be expressed numeri- 
cally by stating its “‘ standard error’, «o. A few simple rules 
regarding the significance and method of calculating o will 
bring out guiding principles applicable to all assays in which 
accuracy may be limited by random errors. (See, for example, 
Loevinger & Berman, 1951.) 


i. The meaning of o 
There is a chance P that the true value of any quantity (e.g., 
a count or counting rate) is greater or less than the observed 


value by an amount A which is related to the standard error 
in the following way: 


lin3 





1.0 


ii. The standard error of the difference between two quantities 
First quantity = A +o, Second quantity = Bio, 
Difference = A — B+ V(6,? + 6,7) (1) 


iii. The standard error of the ratio of two quantities 


Ratio = ati er/(%)"+ (3) ] 


_4, V@, + Ate’) @) 
B B 





iv. The standard error of N events, distributed according to 
the Poisson formula, is VN (3) 
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v. The difference between two estimates of counting rate 
If N, + VN, particles are counted in f, min. 
Nz + VN, particles are counted in ft, min. 
then the difference between the two counting rates = 


MM 4 /(M m) 
_ a “s 4 
hh fy (r ’ t,® ” 


If (t; + ft.) is constant, the standard error is a minimum 
when 


Ny 

=. 

No 

te 
That is, a given total counting time is most efficiently em- 
ployed when the total time devoted to each count is in pro- 
portion to the square root of the counting rate during that 
period. For example, if the counting rate is 100 times the 
background rate, the counting of the source should occupy 
V 100 = 10 times the period devoted to counting the back- 
ground. 

If the ratio of two counts is required with maximum accuracy 
in a given time, then the converse holds and the times devoted 
to each count should be in the inverse ratio of the square root 
of the counting rate. This inference assumes both counting 
rates to be sufficiently high to be practically uninfluenced by 
random variation in background count. Thus if two counting 
rates of 1,000 counts/min. and 4,000 counts/min., respectively, 
are to be compared, the former should be counted for twice 
as long as the latter. 


2. Assay of a 8-Ray Emitting Isotope Relative to a Standard 
Sample of the Same Isotope 


a. Assay of Solid Samples of Moderate Activity 


The assay of a solid sample can be carried out most readily 
by means of an “ end-window ” 8-ray counter.? It is con- 
venient to work at counting rates of 5,000—-10,000 counts/min. 
with most of the commercially available patterns of counter. 
Higher counting rates introduce various sources of error 
including appreciable corrections for the ‘** dead time ” of the 
counter. At 5,000 counts/min. a two-minute count gives an 
estimate of the counting rate which, on purely statistical 
grounds, would have a standard error of 1% (cf. equation (3), 
section I(iv)). Accuracy need not, therefore, be limited by 
random errors, and attention can be concentrated on the 
reproducibility of the conditions under which the sample is 
presented to the counter. In the case of effectively weightless 
samples, deposited by drying a solution on a planchette, 
reproducibility is conditioned almost entirely by geometrical 
considerations. When the source is close to the window, the 
solid angle subtended by the window depends critically upon 
the perpendicular distance from the window and appreciably 
on the displacement of the source from the axis of the counter. 
The locus of a point source which moves so as to give rise to 
constant counting rates is slightly concave towards the counter 
window. Such surfaces of equal counting rate were mapped 
by Putman & Boxall (1947), and planchettes of the correct 
curvatures for use with the G.M.4 counter (type number 
CV2138; cf. article by Veall in this number of the Bulletin, 


® See Veall, p. 124 of this Bulletin. 


p. 124) are commercially available. The measurement of dry 
samples emitting @ rays of maximum energy equal to, or 
greater than, 0.3 MeV (e.g., °*P, 24Na, '*"I) and of 0.01 uc. 
activity therefore presents no difficulty in principle as ac- 
curacy is limited by the consistency in performance of the 
counter. It is very difficult to obtain results which are com- 
pletely dependable to better than 1 %. 

In some cases, the desirable counting rate cannot be ob- 
tained by an effectively weightless sample—i.e., one in which 
the self-absorption of the 8 rays from the sample is negligible. 
This will, in general, be true of the assay of 44C and *°S. In 
such cases, the most reproducible condition is obtained when 
a planchette of well-defined area is filled with the sample to a 
depth greater than @-ray range (see, for example, Calvin et al. 
1949). The observed counting rate is then proportional to the 
activity of isotope per gram of solid sample. The depth of 
the sample, if adequate, is unimportant per se, in the case of 
pure $-ray emitters, such as '4C and °5S, but even in these 
cases variation in the depth of filling may introduce geo- 
metrical errors. If the sample emits y rays as well as 8 rays, 
the total count will vary with the depth, and the method is 
unsuitable for an element such as ®°Co having soft 8 rays and a 
high proportion of total energy emission in the form of 
y radiation. 

b. Assay of Liquid Samples 


The concentration of isotope in a liquid sample may be 
assayed very conveniently by means of a counter designed by 
Veall (1948) which is commercially available. The liquid 
occupies the space between an outer glass envelope and the 
thin glass walls of a cylindrical 8 counter. Geometrical 
relations between source and counter are thus automatically 
reproduced with exactness. The counting rate due to a given 
number of microcuries of isotope per gram of solution de- 
pends to a small extent on the elementary composition of the 
solution. This has been carefully investigated by Rose & 
Emery (1951) and is easily allowed for. Counting rates of 
5,000 counts/min. are obtained with 10 ml. of solutions 
having activities of about 0.003 uc./ml. in the case of **P and 
24Na and 0.05 uc./ml. in the case of !*4I, °*Br and ®Co. 


c. Assay of Very Weak Samples 


Suppose the background count to be 10 counts/min. and a 
source to give rise to 2 counts/min. In this case the counts 
with and without the source present are so nearly equal that 
roughly equal time should be devoted to the measurement of 
each. It follows from equation (4) (section 1(v)) that if 
40 minutes are devoted to each count, the counting rate due 
to the source will be estimated as 


480 400 ' 
D cus i. anaes Pe 
12—10 + VJ (see i ia05) = 2 + 0.74 counts/min. 


. A : 2 
The quantity tabulated as 5 On P- 115 is thus 0.74 


that there is only achance of | in 100 that the difference in count- 
ing rate with and without the source is not significant. Chances 


A 
of less than 1 in 50 (i.e., = < 2.0) are conventionally regarded 


as negligible, so that the sample would be judged to have some 
activity. Information on the border-line of statistical signi- 
ficance is not, however, generally very useful and it becomes 
important to examine possible ways of rendering it more 
precise. Prolongation of the total time of measurement from 
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13 hour to 12 hours woul dreduce the standard error arising 
from random errors by a factor of 3 to 0.25 counts/min., but 
without the most careful attention to stability of operation of 
the equipment and constant checks with the standard source, 
the theoretical gain in accuracy might not be realized. 

The practical limit to what may be detected by this method 
is, therefore, a weightless sample having an activity of a few 
micromicrocuries (10-1? c.), or a #4C or *5S preparation at a 
concentration of about 5 x 107% uc./g. of solid material. If 
the sample is Ba!*COg, this represents a specific activity of 
0.08 uc. 14C/g. C. The total amount of material needed for 
such an assay is, however, small and contains only about 12 mg. 
of Cand J] x 10-8 uc. of 14C. 

In the case of weightless samples, sensitivity is in principle 
roughly trebled by the use of counters of special design which 
permit the sample to be placed in such a position that practi- 
cally all’® particles emitted by the source are counted as in 
the 4x-counters (fig. 3). The gain is generally not considered to 
justify the additional trouble necessary if this method is to 
be used reliably. 

A very considerable gain in accuracy is achieved at the 
expense of complexity of technique if the sample can be con- 
verted into a gas and introduced into the counter. This method 
is commonly practised in the case of !4C (Calvin et al. 1949). 
About 10-5 uc. of !C at a specific activity of 2 x 10-4 uc./g. 
if introduced into a counter as CO, give, in a period of 20 
minutes, a total count which has a standard error of about 
10% VIanney & Moyer, 1948; Miller, 1947). 


d. Use of Ionization Chambers for the Assay of 2-Ray Isotopes 

The superiority in principle of a Geiger-Miiller counter over 
an ionization chamber of the same volume, for the measure- 
ment of an ionizing radiation, resides only in the fact that the 
counter responds equally to « and 8 particles, whereas the 
ionization chamber heavily weights the influence of « particles 
resulting from the disintegration of natural radioactivity 
contained in the material from which the instrument is con- 
structed. The utmost care in the choice of materials and 
method of construction has failed to eliminate this contamina- 
tion, which is not surprising in view of the widespread distri- 
bution of radioactivity in nature. The number of « particles 
emitted per cm.” of wall surface is small compared with the 
number of electrons, so that they do not influence the random 
variation in the background count of a Geiger-Miiller tube, 
but give rise to infrequent random bursts of about 50,000 ion 
pairs, equivalent to about 100 8 particles, which dominate the 
random fluctuation in the current recorded in an ion chamber. 
The undesirable influence of the « particles may be effectively 
eliminated in either of two ways. If the ionization is recorded 
by a vibrating reed electrometer, the emission of each « par- 
ticle appears as a sharp break in the record. The «-particle 
contribution to the total current may, therefore, be neglected 
and the net current, excluding that of the « rays, be obtained 
as a gradient of the record between the breaks. 

An alternative is to increase the gas pressure in the chamber 
to about 15 atmospheres. This effects a high preferential 
recombination of ions along the tracks of « particles as com- 
pared with 8 particles, so that if the collecting field, which is 
in any case smallest at the surface of the ion chamber, is held 
down to around 20 V./cm., only a very small proportion of the 
a-ray ionization is collected. Some §-ray ionization is lost by 
recombination, but the total ionization produced by each 
energetic 8 ray is increased in proportion to the pressure. 
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Under these conditions, the ® rays contribute nearly all the 
background ionization, and the random fluctuation in this 
current will be determined mainly by the number of # rays 
crossing the chamber. The high-pressure ionization chamber 
would, therefore, be expected to have a limiting random 
fluctuation in background comparable with that of a Geiger- 
Miiller tube of the same dimensions. This order of per- 
formance is, in fact, realized in practice (see section 4c). If 
44C were introduced into the chamber as '*COg, the limit of 
detection (adopting the same criteria of accuracy as for end- 
window counters) would be ~ 3 x 1074 uc. of 4C and a 
specific activity ~ 1.5 x 10-5 uc. 14C/g. C, assuming the 
chamber is entirely filled by CO, from the sample. This 
figure is to be compared with 0.08 uc. 4C/g. C, the esti- 
mated limiting specific activity of '*C assayed as Ba'*COs;. 
The computation presupposes, however, that a total of some 
20 g. C are available for assay in the high-pressure chamber 
as against 12 mg. required for the end-window counter. 

If Fe could similarly be assayed as iron carbonyl intro- 
duced under pressure, very low specific activities (~ 1077 uc. 
59Fe/g. Fe) might be measured. 

A practical obstacle has so far stood in the way of the use 
of a high-pressure chamber in this way, namely, the fact that 
immediately after filling to these pressures the natural leak of 
the chamber is abnormal (generally abnormally high) and the 
ionization due to an external source is abnormally low. These 
observations were made by Miss T. Alper. Steady conditions 
are not reached for about two hours. Such a delay would be 
inconvenient in routine measurements, and the reproducibility 
of the background current at equilibrium has not been checked. 
The figures are, therefore, given only to draw attention to the 
very much lower ultimate specific activities which might be 
measured by this method in those cases in which relatively 
large amounts of material are available for assay—a gain 
which might repay some research into the cause and elimina- 
tion of the initially abnormal conditions which prevail when 
the chamber is freshly filled with gas. 

Ion chambers have been used successfully for the assay of 
144C up to a pressure of 2 atmospheres (Henriques & Marg- 
netti, 1946). Even at atmospheric pressure, Janney and 
Moyer report a performance of an ion chamber (10% 
accuracy in a 20-minute measurement of 2.6 x 10~* uc. C 
or 5.3 x 107% uc. '4C/g. C) which is ten times better as 
regards specific activity than an end-window counter and only 
eight times poorer than a gas-filled counter. 


e. Assay of 8-Ray Isotopes in Living Tissues by End-Window 
Counters 

Radioisotopes have found a number of applications to 
medical problems involving the measurement of the radio- 
activity of superficial tissues by placing an end-window 
counter directly in contact with the tissues. These investiga- 
tions are confined to studies with isotopes such as *4Na and 
32P, which emit fairly energetic 8 rays. The gradual removal 
by the blood-stream of isotope contained within a restricted 
volume may be very satisfactorily followed in this way.* The 
problem of estimating the mean concentration of isotope in 
the superficial tissues is a good deal more complex than that 
presented by the measurement of “thick” samples in a 
planchette, even when the isotope is uniformly distributed in 
the tissues, on account of the infinite extent of the source. 


3’ See Barron & Veall, p. 197 of this Bulletin. 
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Even an approximate estimate of isotope concentration in 
living tissue may, however, be of interest. Strajman (1951) 
has made an extensive theoretical and experimental study of 
this problem and may be consulted regarding the interpreta- 
tion of such assays. 


f. Assay of Unextracted Isotopes in Cells and Tissues by the 
Autoradiograph Method 


A very important method of estimating the concentration 
of radioactive isotope in excised tissues, which still remains to 
be developed into a quantitative assay procedure, is provided 
by the autoradiograph technique.‘ As against all other 
methods which estimate the average concentration through- 
out tissue in bulk this method is capable, in principle, of 
being developed to give approximate estimates of concentra- 
tions within volumes of the order of 100 u.°. In order both to 
permit observation of the cytological structures from which 
the 8 radiation proceeds and to avoid biological effects of the 
ingested isotope, it will, in general, be necessary to count the 
density of the developed photographic grains. The interpre- 
tation of such counts will depend critically upon the geo- 
metrical relations between the photographic film and the 
region of the cell or tissue which is acting as the source of 
radiation. This is undoubtedly an important aspect of radio- 
element assay which awaits development. Some data from 
which rough estimates may be made of the isotope concentra- 
tion which may be detected, and the corresponding radiation 
exposure to the tissues, will be found in papers by Berriman, 
Herz & Stevens (1950), by Herz (1951) and by Pelc (see 
Pelc, 1951). 


3. Measurement of y Radiation 


Some important isotopes, such as **P, **S and 'C, do not 
emit y radiation, and even of those which emit both 8 and y 
radiation the majority may generally be assayed more conveni- 
ently by @-ray than by y-ray counters when presented in the 
form of solid or liquid samples. For this reason, y-ray assay 
has not played a large part in the application of radioisotopes 
to biochemical and metabolic studies. Nevertheless, it should 
not be assumed that better accuracy is always to be obtained 
by @-ray counting. The relatively low efficiency (~ 0.2-2%) 
of y-ray counters, expressed in terms of counts/photon 
traversing the cathode, may be more than offset by the large 
volume of fluid from which y radiation may emerge and enter 
a counter. An example is given elsewhere’ of a 200-fold 
increase in counting rate resulting from the assay of 2.5 1. of 
liquid containing **"I by a ring of large y-ray counters instead 
of by a small “ liquid sample ” 8 counter. From what follows 
it will be seen that, in fact, if sufficient bulk of fluid containing 
the isotope to be assayed is available, then with a single 
counter of given size, greater counting rates can almost always 
be achieved by the use of y-ray rather than $-ray counting. 
In the limiting case, the numerical advantage is rather greater 
than the ratio of the mean y-ray energy to the mean §-ray 
energy emitted by the isotope, e.g., 2, 7, and 23, respectively, 
for 134], **Na and Co. It is generally either inconvenience 
or the limited size of the sample and not insensitivity which 
tells against the y-ray method. 


* See Pelc & Howard, p13 132 of this Bulletin. 


5 See Veall, p. 124 of this Bulletin. 


The assay of y radiation emitted by radioactive isotopes has 
nevertheless already played an important part in medical 
research, since it is only by this means that the localization of 
isotopes in deeper tissues of the body may be studied (see 
Veall, 1950). The physical problems which arise in this con- 
nexion fall naturally into two classes, namely, those con- 
cerned with the quantitative interpretation of the response of 
different types of y-ray detector—ion chamber, Geiger-Miiller 
counter and scintillation counter—and those concerned with 
the inferences which may be drawn regarding the disposition 
of the primary sources from a survey of the radiation field to 
which these sources give rise outside the body. Both types of 
problem have been treated in great detail by Mayneord (1950), 
who points out that upon examination many of these prob- 
lems are seen to be but variants of problems which have 
arisen in relation to radiotherapy. They have attracted the 
attention of many physicists—outstandingly Mayneord 
himself—over the past 25 years. The interpretation of radia- 
tion fields will arise in connexion with the application of 1*"I 
to the study of thyroid function®, and in the localization of 
brain tumours’ and will not be discussed here. 


4. Quantitative Interpretation of the Performance of Ion 
Chambers and Counters Exposed to y Radiation 


a. Transformation of Photon into Electronic Energy 


When y radiation passes through a material medium the 
photon energy is progressively transformed into electronic 
energy. In the case of media of low atomic number and 
y radiation of quantum energy between 0.5 MeV and 3 MeV, 
this transformation proceeds almost entirely by way of Comp- 
ton scattering, whereby the photon is deflected and proceeds 
with reduced quantum energy, and the energy difference 
between primary and scattered photon appears as the energy 
of the recoil electron. The recoil electrons generated in this 
way have all energies between zero and an upper limit which 
is a fraction of the energy of the primary photon varying from 
0.67 for 0.5 MeV photons to 0.93 for 3 MeV photons. This 
type of interaction between photons and matter is very well 
understood theoretically, and the values of the coefficients 
representing the rate of absorption and transformation of 
photon energy derived from the Klein-Nishina formula® are 
probably accurate to at least 1% at all energies with which 
we are at present concerned. Two of these coefficients of 
scattering are of special interest to us, namely, those usually 
designated o and o,. If N photons pass through a small 
thickness t of matter, the number of photons scattered (or the 
number of recoil electrons generated) is Net and the photon 
energy transformed into recoil electron energy is Nhvogt. It 
follows that the mean energy with — recoil electrons are 


generated by photons of energy /v i is 4 > hs which is 0.17 MeV 


for a 0.5 MeV photon and 1.7 MeV for a3 MeV photon. The 
former are, therefore, intermediate in hardness between 
the 6 rays of Co and 1*"I and the latter more than twice as 
energetic as the 8 rays of *?P. 


* See the papers in this - or by Myant (p. 141), Ralston Paterson et al. 

(P. 134)» —— et al. (p. 14 
See Belcher et ai., p. = ‘of this Bulletin. 

* Data have been presented in tabular and graphical form by Failla (1945), 
Lea (1946) and Mayneord (1950). Tabulated and graphical data (items 
A.3.1.1.1-3) may be purchased trom the Diagram and Data Section of the 
Hospital Sieuiciied desooition (Mount Vernon Hospital, Northwood, Middlesex). 
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Photons, particularly those of low energy, may also suffer 
photoelectric absorption, whereby the photon is completely 
absorbed and the whole energy is transferred to the secondary 
electron. The probability of this type of transformation in- 
creases as a high power of the atomic number. It is important 
in copper and dominant in lead at 0.5 MeV. The response of 
an ion chamber or counter to y radiation may, therefore, be 
increased by a lining of appropriate thickness of a heavy 
element such as lead. The photoelectric transformation co- 
efficients (+) are, however, much less accurately known than 
the coefficients of scattering, so that, if the exact quantitative 
interpretation of the response of the instrument is a matter of 
importance, the surfaces which contribute to the recorded 
secondary electron emission should be made of materials in 
which photoelectric absorption is negligible. 

The transformation of a photon into a positron-electron 
pair (coefficient x) is impossible in any element below 1 MeV 
but is beginning to assume importance in heavy elements at 
3 MeV. 


b. Transformation of Electronic Energy into Ionization 


It follows from what has just been said that if a flux of N 
photons/cm.? falls on a solid absorbing medium, an amount 
of electronic energy Nhv(c, + + + x) will be generated per 
unit volume of the medium. It may be shown (Gray, 1929) 
that if a small gas-filled cavity is introduced into the medium, 
then, provided the size of the cavity and the pressure of the 
enclosed gas is such that the secondary electrons entering the 
cavity lose only a negligible proportion of their energy in 
crossing the cavity, the number, energy distribution, and direc- 
tional distribution of the electrons crossing any element of 
surface of the cavity will be the same as they were through the 
same area before the cavity was introduced. The secondary 
electrons crossing the cavity are, therefore, in every respect a 
true sample of those in the solid, and indeed, if the gas and 
solid have the same elementary composition, the energy lost 
by the electrons in the gas is exactly equal to that which they 
would have lost in a volume of the solid medium which is 
geometrically similar in shape to the cavity but smaller in the 
ratio of the densities of the gas and the solid. The energy 
loss per unit mass is the same in both media. In the more 
general case in which the gas and solid may have different 
elementary compositions 


Em = PmWJ im (5) 


when E,, is the energy loss per unit mass of solid 
Jm the ions formed per unit mass of gas 
W the mean energy expended in the production of a 
pair of ions, and 
P the relative mass stopping power of the solid and gas 
for electrons. 
If the secondary electrons are generated by a flux of N 
photons/cm.? of quantum energy /y, 


En = Nhv(6, + + + Om (6) 


where the subscript m denotes that the absorption co- 
efficients are expressed per unit mass instead of per cm. of the 
solid. The total number of ions formed per unit mass of gas 
is thus particularly simply related to the energy flux, namely, 


- Nhv(Gg + t + %)m 


Ja = on W ion pairs/g. (7) 
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Since in many circumstances the constants on the right- 
hand side of the equation are known with considerable 
accuracy, this relation may be made the basis of absolute 
estimates of the y-ray energy flux Nv, and, if the photon 
energy is known, of the number of photons incident per unit 
area at the point under consideration. 


c. y-Ray Efficiency of High-Pressure Ionization Chambers 

We have already noted (section 2d), in considering the 
assay of very small specific activities of 8 emitters, that, 
through suppression of «-ray contamination, the high- 
pressure ionization chamber has a random fluctuation in 
background which is certainly no worse than that of a counter 
of the same size. As applied to the measurement of an external 
y-ray source the anomalous behaviour when the chamber is 
first filled is of no account, and such chambers are often very 
convenient for the measurement of weak y radiation. The 
ionization to be expected from a given radiation intensity 
may be computed roughly from equation (7) if appropriate 
allowance is made for the loss of ionization by recombination 
(Kara-Michailova & Lea, 1940). 

The following performance figures of a 1,750-ml. steel 
chamber containing nitrogen at 20 atmospheres may be 
taken as typical: 


Background current = 10-14 amp. 

Standard error in the charge collected in 1 hour in the 
absence of an external source = + 0.77%, which is equi- 
valent to a dose-rate uncertainty of + 1.2 x 107!‘ r./sec. 

As a result of measurements lasting 4 hours, the strength of 
a y-ray source of 1 ug. ***Ra can be determined with a 
standard error of 5% when the source is at 1 m. from 
the chamber. 


The high-pressure ionization chamber may be treated as a 
**condenser dosimeter” (see, for example, Sievert, 1932; 
Spiers, 1949), charged away from the radiation field, exposed, 
and returned to the electrometer for the measurement of the 
charge lost. High-pressure chambers of various designs are 
available commercially. 


d. y-Ray Efficiency of Geiger-Miiller Counters 


Geiger-Miiller counters of the dimensions commonly used 
in medical work fulfil the ‘* cavity condition ” (section 4b), 
so that the preceding theoretical treatment may be applied 
to them. It is true that the cathode structure is generally such 
that the electrons which are counted cannot strictly be con- 
sidered as all proceeding from the cathode material, but the 
majority do so and it is of interest to see what inference may 
be drawn from an application of the cavity theory to y-ray 
counting. 

The number of electrons which cross even an ideal cavity 
cannot be evaluated with the same precision as the total 
ionization to which they give rise, but a rough estimate may 
be made as follows: 

Let the mean path-length of the electrons in crossing the 
cavity be / and the mean number of ions formed per cm. of 
path be A. Then if R recoil electrons traverse a cavity of 
volume V containing gas at density S g./cm.°, 


RIA = ImSV (8) 
Hence 
V Nhv(og + t + Xm 
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V. : 
Now -; is the ratio of volume 


FIG. 1. THE MEAN LINEAR ION DENSITY OF RECOIL ELECTRONS AND 


] PHOTOELECTRONS AS A FUNCTION OF PHOTON ENERGY 


to mean path-length in a cavity 
and will depend to some extent 
on the shape of the cavity. More- 
over, since recoil electrons are all 
ejected at between 0-90° to the 
direction of the photon, the direc- 
tion of the electrons in the solid 
has some anisotropy, favouring 
the direction of the photons. A 
long narrow cavity in the direc- 
tion of the photons will, therefore, 
have a smaller value of than a 
disc-shaped cavity transverse to 
ys : 
7 is, however, in 
any case a constant for a cavity 

of a given shape and orientation, 

and for roughly equidimensional 

cavities is probably not greatly 
different from that for a sphere 

which is 0 


the photons. 


= Tr 
3 
= — nr®, 


MevV—> 


3 Abscissae: photon energy in MeV 
16 Ordinates: relative mean linear ion density of recoil electrons Ap, and of photoelectrons Ap 


3 ; 9 in ions per micron of water (A = total energy in units of 32.5 eV divided by the 


r 


4 integrated range, computed for photoelectrons of energy hv and recoil electrons of 


es 
Now, in the case of a spherical energy — 
cavity, Nxr* is the number of 


photons which fall on the cavity. 


R 16S (oq + t+ %)m hy 


~ Nrrt 9A pW 


Thus counting efficiency 
(10) 


This expression should give to a fair approximation the 
counting efficiency of a y-ray counter and may be useful for 
the estimation of the efficiency to be expected from a parti- 
cular design, provided the conditions of the gas discharge are 
such that every electron is counted. Since for differing gases 
and gas pressures in the cavity Ap,,W is proportional to S, 
the formula for counting efficiency is independent of the 
nature of the filling gas, as it should be. It is of special 
interest to note how the counting efficiency depends on photon 
energy, namely, 
(og +7 + *)m 


_— is proportional to —_ hy (11) 


The mean linear ion density Ap for recoil electrons falls 
with increasing photon energy in the manner shown in fig. 1. 
In fig. 2, are shown curves for o, and for the ratio x which 
should be proportional to the counting rate per unit photon 
energy flux in a counter made of materials in which photo- 
electric absorption is negligible. The steep fall in counting 
efficiency at low photon energies may be offset by the use of 
cathodes of medium atomic number such as copper, in which 
the low energy photons undergo photoelectric absorption. 
The ion density of photoelectrons, which have the full photon 
energy, varies less with photon energy as shown by the curve 
Ap in fig. 1. The theoretical counting rate per unit energy 


o hy. 


Data from Lea (1946), Table 10) 


flux for copper, viz., (32 + =}, is shown as a broken 
Arn Ap 


line in fig. 2. 

Sinclair (1950) has obtained good general agreement 
between the observed efficiency of copper counters for pho- 
tons of different energy and a curve of the type given in fig. 2, 
computed by Marty (1947). 


e. Performance of Scintillation Counters 

The passage of a single ionizing particle through certain 
crystals gives rise to the emission of a large number of 
photons of ultra-violet and visible light. Not only are those 
substances such as calcium tungstate and naphthalene 
particularly efficient in this respect, but they are also rather 
transparent to their own visible light emission so that, if a 
crystal of such material is exposed to y-radiation photons 
resulting from the local excitation in the crystal lattice by 
electrons generated at a depth in the crystal, some of the light 
can emerge and enter the photomultiplier tube. Individual 
electrons will give individual pulses from the output of the 
photomultiplier. The size of the pulses will depend on the 
intrinsic qualities of the y radiation and the characteristics of 
the instrument. 

The number of light photons generated by each electron 
will increase with electron energy, and this in turn with the 
quantum energy of the y radiation. An analysis of pulse size 
can, therefore, give useful information regarding the quality of 
y radiation under investigation, and by the use of a high 
discriminating bias it is possible to measure high-energy 8 
or y radiation in the presence of radiation of lower energy. 
For example, the 3.5 MeV 6 rays of **K have been assayed 
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FIG. 2. THEORETICAL COUNTING RATE PER UNIT Y-RAY ENERGY FLUX, 
AS A FUNCTION OF PHOTON ENERGY 


Abscissae: photon energy in MeV 


Ordinates: counting rate relative to that for 1.2 MeV photons, computed for (i) a copper 
counter (Cu), (ii) an ‘‘ air-wall’’ counter (A), (iii) a counter having a cathode in 
which photoelectric absorption is negligible (S), (iv) showing variation of o, with 


photon energy 


in the presence of *4Na of many times its activity (Sharpe & 
Taylor, 1951). 

Pulse size is, however, very greatly influenced by a host of 
instrumental factors, including the light-gathering power of 
the optical system and the over-all performance of the photo- 
multiplier. Only after a very careful investigation of the 
instrumental factors affecting pulse size, and by a careful 
choice of experimental conditions, is it possible to assume 
with reasonable confidence that the number of pulses counted 
is equal to the number of electrons generated in the crystal. 
This number is N (c + t + x),, per gram of crystal exposed 
to a flux of N photons/cm.?. It should be noted that, in the 
expression for the number of electrons generated per gram, the 
coefficient « replaces the coefficient «, which occurs in the 
expression for the energy (section 4a). Mayneord and Belcher 
(Mayneord, 1950) obtained fair agreement between the 
expected and observed counting rate when a crystal of 
naphthalene + 0.5% anthracene was exposed to the y rays of 
*4Na, Co, 2*6Ra, and !*41, 

We have seen (sections 3 and 4d) that the y-ray efficiency of 
the Geiger-Miiller counter, defined as the ratio of the counts 
to the number of quanta incident on the counter, is deter- 
mined by the nature of the wall material and the energy of 
the quanta and rarely exceeds a few per cent. By contrast 
the efficiency of a scintillation counter can, in principle, greatly 
exceed this value since light can be collected from electrons 
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generated at a much greater depth 
from the surface of the crystal 
than their own range in the 
material of the crystal. Owen & 
Sayle (1951), using a thick single 
crystal of thallium-activated Nal, 
observed a quantum efficiency of 
about 60% for 1 MeV photons. 
Mayneord has pointed out, how- 
ever, that from the medical stand- 
point the main advantages of the 
crystal are not its high absolute 
counting efficiency but its small 
volume and high efficiency per 
unit volume of detector. The 
absence of high potential con- 
nexion with the crystal itself may 
also be important in work in- 
volving the exploration of body 
activities. There are also applica- 
tions, e.g., coincidence counting, 
in which advantage may be 
taken of the very short resolving 
time (0.01 psec.) of this type of 
detector. 


5. Absolute Determination of 
Disintegration Rates 


The absolute measurement of a 
physical quantity is never easy, 
but the difficulty which has been 
experienced by able physicists 
in obtaining agreement amongst 
themselves on the disintegration 
rate of samples of even the simplest 
isotopes has come as a surprise 
to most of those who have taken part in inter-laboratory 
comparisons. 

There now seems no doubt that at least in the case of all 
isotopes which emit 8 particles of not less than 0.3 MeV max. 
energy, a reliable and accurate measurement can be made by 
means of a 4x-counter. Before referring to this method in 
more detail, however, brief mention may be made of other 
methods which have been used with varying degrees of success, 
for confidence is always increased if numerical agreement can 
be obtained by entirely different methods of assay. 


25 30 
MeV ——> 


a. The Defined Solid Angle Counter 


About 335 of the total 8 emission is admitted through a 
defining stop into a counter. The compartment at the centre 
of which the source is mounted may form a single unit with 
the counter and both be filled with the counting gas mixture 
(Putman, 1950). Absorption and scattering of ® particles 
between the source and the counter is thus reduced to a 
minimum (~ 1% for *2P and *4Na), but at the expense of 
indefiniteness in the electrostatic field which defines the 
boundary of the counter. When the method is applied to a 
mixed $-y emitter (e.g., **Na), great difficulty is experienced 
in making a reliable estimate of the contribution of the y rays 
to the total count. §-Ray absorption between source and 
counter was estimated at 56% in the case of *5S, which makes 
the method unsatisfactory for this isotope and for **C. 
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b. Measurement of the Rate of Loss of Charge by a Source in 
High Vacuum 


The method requires a very large and highly evacuated tank 
at the centre of which the source is supported. By study of 
the effect of positive and negative potentials applied between 
the source and the tank, allowance is made for the rather 
considerable emission of very slow secondary electrons having 
energies less than 600 V. An accuracy of 5% is claimed in 
the estimation of **P. The assay of '*C and *5S by this method 
does not appear in principle to be subject to appreciably 
greater errors than the assay of **P, but the method would be 
inapplicable to most y-ray emitting isotopes because internal 
conversion electrons and Auger electrons would contribute 
equally with primary # particles to the total rate of loss of 
charge. (For this method, see Clark, 1950.) 


c. The Coincidence Method 


This method is applicable only to isotopes which emit both 
y and 86 radiation. It has been extensively applied to the 
assay of Co, for which it appears particularly suitable. In 
principle, the method is extremely simple and elegant since 
the disintegration rate of the sample is obtained as the product 
of the 6-ray counting rate and the y-ray counting rate divided 
by the true rate of coincidence between these two counts. 
In practice, a high standard of constant performance is 
required of the coincidence circuit and of both 8- and y-ray 
counting equipment throughout prolonged periods of 
counting, but experience shows that such reliability is attain- 
able. The method is more complex as applied to isotopes, 
such as '*"J, in which the nucleus may disintegrate by either of 
several alternative modes, for in such cases it is necessary, in 
effect, to measure the frequency of each mode of disintegration 
separately. 


d. B-Ray Counting with a 4x Solid Angle Counter 

By contrast with the three methods just referred to, the 
measurement of disintegration rates by means of a 4r solid 
angle counter is capable, in principle, of very wide application. 
The method has been very carefully studied in a number of 
laboratories, notably by Seliger (Seliger & Cavallo, 1951) at 
the National Bureau of Standards, Washington; by Hawkings 
(Hawkings, Merritt & Craven, 1952) at the National Re- 
search Council Laboratory, Chalk River, Canada; and by 
Veall at the MRC Radiotherapeutic Research Unit, London. 
Figure 3 shows geometrically the counting arrangement 
employed by Veall. The source is deposited on a 0.2 mg./cm.? 
aluminium foil in a circular opening between two counters. 

The most important advantages in principle of such a 
counting arrangement, which accepts 8 particles from a solid 
angle of 4x steradians, is that secondary radiation of any kind 
emitted coincidentally with the primary event within the 
resolving time of the apparatus will have no effect on the 
count. Thus backscatter from the source, secondary electrons 
from the y radiation and internal conversion electrons, will 
be without effect, and positron emitters can be counted with- 
out correction for annihilation radiation. All these effects 
are at least potential sources of error in any method whereby 
particles are accepted from only a small proportion of 4x 
steradians. Two points of technique require special attention 
in this method of assay. The design of the counters must be 
such that every particle emitted into them gives rise to a single 
pulse, and the number of particles stopped in the supporting 
foil must be small and accurately estimated. Seliger, using a 


FIG. 3. SECTIONAL DRAWING OF A 4x SOLID ANGLE 
COUNTER 


Shaded parts: envelope of brass 
W: counting wires 


F: O.2 mg./cm.? aluminium foil on which the source (S) is deposited 
(Counter designed by N. Veall) 


0.04 mg./cm.? formvar-polystyrene film as source support 
estimated his loss by the difference between the counting 
rates in the two counters as 0, 0.5%, and 2.5%, for **P, 141 
and "Co. Veall and Hawkings, from the reduction in the 
count when the source was covered by an additional film. 
estimated the loss at 0, ~ 3-4%, and ~ 4-7 & for these three 
isotopes. These losses are larger than would have been 
expected, and more work remains to be done on this point. 
There seems little doubt, however, that completely reliable 
results can be attained by this method. An accuracy of at 
least as good as a few per cent can be anticipated in the case 
of isotopes emitting 8 rays not less energetic than those of 
131], and possibly also for *Co. It may well be that gas 
counting will provide the most accurate results for '*C anc 
35S, 


6. Absolute Determination of the Rate of Emission of y-Ra 
Energy from Isotopes Having Known y-Ray Spectra 


The relation between a flux of y-ray energy and the curren 
to which it gives rise in an ionization chamber has already 
been stated (equation (7)). Of the constants involved, th« 
Klein-Nishina values of the scattering coefficient may b« 
considered to be completely reliable, and 9,, is a slowly 
varying function of the difference between the mean atomi 
number of the gas and the wall material, which has hithert: 
been assumed to be unity when the gas and wall have the sam: 
elementary composition. The least certain constant in th« 
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formula is W, the value of which for air exposed to y radiation 
of energy between 0.5 and 3 MeV might conceivably be as 
much as 3% different from the accepted value of 32.5 eV. 
The literature relating to these constants has been critically 
reviewed from time to time (see, for example, Gray, 1936, 
1944). The calculations of Halpern & Hall (1948), concerning 
the rate of loss of energy by electrons in solid, call for a re- 
examination of the possibility that in certain cases, notably 
graphite, the stopping power of a solid may be slightly higher 
than of the same element in gaseous form. 

From an examination of the uncertainties attaching to the 
various constants one would, therefore, be inclined to assign 
confidence limits of + 3% to an estimate of y-ray flux by an 
ionization measurement carried out under optimum conditions. 
Some check on this conclusion is provided by the assay of the 
y-ray emission from Co, for on the one hand, the decay 
scheme of this element is well established and the quantum 
energies of the two y rays accurately known, and on the other, 
it is almost ideally suited to a determination of the disintegra- 
tion rate by the “* coincidence counting.” When such checks 
have been made the agreement has been well within the 
assigned confidence limits. While the absolute measurement 
of y-ray energy is obtained in this way only if the y-ray 
spectrum is accurately known, o, varies with photon energy 
so little over a wide range of photon energies that a good 
approximation to the rate of emission of energy may be ob- 
tained with only a rough knowledge of the y-ray spectrum. 

For the purpose of setting up absolute standards of activity 
of each isotope, a measurement of the rate of emission of 
y-ray energy should not be accepted in lieu of a direct deter- 
mination of disintegration rate. It is probably true, however, 
at the present time that there are important isotopes for which 
decay scheme and quantum energies of the emitted y rays are 
so well known that a measurement of the rate of emission of 
‘-ray energy gives an estimate of the disintegration rate of the 
sample which is at least as dependable as that which can be 
obtained in any other way. 

The comparison of two y-ray ionization currents requires 
only relatively simple apparatus and may readily be carried 
out to an accuracy much better than 1%. A laboratory 
possessing a standard preparation of a single isotope, such as 
Co, could, therefore, accurately assay by an ionization 
method any of the isotopes for which the relation between 
the disintegration rate and the rate of emission of y-ray 
energy had previously been accurately determined. This 
relationship, which may be stated as the y-ray dose-rate in 
réntgens per hour at 1 cm. from a point source of 1 mc. 
activity of the isotope, is being measured as accurately as 
possible by laboratories specially interested in isotope 
standardization, and the publication of such data will bring 
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a high degree of reliability in absolute isotope assay within 
the reach of many laboratories. 


7. Absolute Determination of the Rate of Emission of 8-Ray 
Energy 

If a solid or liquid medium contains A uc./g. of an isotope 
which emits one 8 ray per disintegration, and these 8 rays have 
an average energy of Eg MeV, then electronic energy is being 
generated continuously in the medium at a rate 

. = AEg 3.7 x 10* MeV/g./sec. (12) 

This electronic energy is in principle in no way different 
from the secondary electronic energy generated by exposing 
the same medium to y radiation so that, if a gas-filled cavity is 
introduced into the medium, ionization will be produced in 
the gas and the quantitative relation between the ionization 
and the energy dissipation in the medium would be that given 
by equation (5). Thus E,, of equation (12) may be assayed 
experimentally if an ionization chamber is constructed having 
walls in which the isotope is uniformly dispersed. Weak 
gelatin sols (6%), or agar, are convenient materials in which to 
disperse radioisotopes for this purpose, and small chambers 
of conventional design may be lined with such sols (Gray, 
1949). Alternatively, the principle may be applied to an 
‘* jonization chamber ” consisting of a small air gap between 
the surface of a solution containing the isotope and a con- 
ducting solid which serves as a collecting electrode (Failla, 
1944; Bortner, 1951). Measurements made by the former 
method have given results in very good agreement with 
expectation in the case of isotopes whose $-ray emission can 
be reliably computed (Marinelli, Brinckerhoff & Hine, 1947). 
Measurements are also possible with ®Co for which Eg has 
not been reliably computed. The method is most accurate for 
isotopes emitting fairly energetic @ rays and has not been used 
for 8 rays softer than those of Co. Confidence limits in such 
assays will not be quite as close as in y-ray measurements, and 
might be set at about + 5%. 

Such measurements have so far chiefly been of value in 
providing an independent (indirect) estimate of disintegration 
rate and criteria for a choice between one possible decay 
scheme and another in cases of isotopes whose mode of 
disintegration is not yet fully understood. The rate of 
emission of ®-ray energy per gram of living material in 
which it is incorporated is, however, per se an important 
parameter since it is the radiation dose to which the tissues 
are exposed. As such it is of paramount importance in 
determining the biological effect of the radiation and the 
associated hazard or therapeutic effect, as the case may be, in 
medical diagnosis and therapy. , 
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In medical and biological research, radioactive isotopes are 
specially applicable to three types of measurement. Firstly, 
there are studies of the various chemical and physical equi- 
libria within a living organism or with its environment, where 
the use of radioactive isotopes enables one or more com- 
ponents in the system to be “ tagged’ or “ labelled,” and 
consequently measurements can be made without artificially 
disturbing the equilibria under study. Secondly, there are 
problems concerning the distribution and fate of elements and 
compounds in the body which are normally present in such 
small quantities as to make their chemical determination 
difficult or impossible. Thirdly, radioactive isotopes can often 
be detected or measured in the intact and living organism 
without the necessity of taking samples. Each of these tech- 
niques is applicable to biological studies by virtue of the 
extremely small quantities of radioactive material which can 
be detected by suitable methods. These methods all depend 
on the fact that the radioactive isotopes emit ionizing radia- 
tions, which can be detected by their effects on a photographic 
emulsion, or by electrical methods. 
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Of the electrical devices for the measurement of ionizing 
radiations, by far the most widely used instrument for tracer 
work has been the Geiger-Miiller counter. Since the Geiger- 
Miiller counter, the ionization chamber and the proportional 
counter all depend on gas ionization for their operation, they 
can conveniently be discussed under the same general heading. 


1. Principles of Operation of Gas-Filled Radiation 
Detectors 


a. Ionization Chambers 


An ionization chamber consists essentially of a gas-filled 
vessel fitted with a pair of electrodes, across which a potential 
is applied. When the gas in the chamber is ionized, e.g., by 
nearby radioactive material, equal numbers of positively and 
negatively charged ions are formed, and attracted towards the 
oppositely charged electrode, resulting in a current through 
the circuit which can be measured by means of a suitable 
electrometer. 

If the ionization current J is plotted as a function of the 
applied voltage V, then, if a constant radiation intensity be 
assumed, a curve of the form shown in fig. 1 is obtained. In 
the region (a) many of the ions formed are lost through 
recombination, or by diffusion from the collecting field. As 
the voltage is increased, the fraction lost decreases, collection 
of the ions is more or less complete, and in the region (b) of 
the curve the observed ionization current is independent of 
the applied voltage. This current is termed the saturation 
current, and its value is proportional to the intensity of the 
radiation falling on or entering the chamber. Under constant 
geometrical conditions,:and for a particular isotope, this is in 


FIG. 1. IONIZATION CURRENT-VOLTAGE 
CURVE 


See text, section 1a 
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turn proportional to, and provides a measure of, the amount of 
the isotope present in the radiation source. In practice, the 
saturation voltage depends on the dimensions and shape of 
the chamber, the nature and pressure of the gas filling it, and 
on the intensity and distribution of the ionization in the gas of 
the chamber. 

b. Proportional Counters 


If the voltage across an ionization chamber is increased 
beyond a certain value, a region (c) of the current-voltage 
curve (fig. 1) is reached where the current rapidly increases 
with the applied voltage. The condition for this to occur is 
that at some part of the chamber the electric field is sufficiently 
intense for an ion to gain enough energy between successive 
collisions with gas molecules to ionize them. These secondary 
ions may in turn ionize other gas molecules, so that an ava- 
lanche effect occurs. In this way, the original primary ions are 
multiplied manyfold, and gas amplification factors of 10* or 
more may be obtained. 

In practice the necessary high field strength for gas multipli- 
cation is achieved by making the anode of the chamber in the 
form of a very fine wire, surrounded by a cathode which is 
usually, but not necessarily, a cylinder. Since voltages of the 
order of 1,000—2,000 volts are employed, there must be 
adequate insulation between the electrodes if there are to be 
no spurious effects due to leakage of current. This is the 
general form of a counter tube. A single ionizing particle 
passing through the sensitive region of a counter produces 
primary ions which are multiplied in the region of the anode 
wire so as to produce an electrical pulse. The pulses may be 
amplified and fed into a mechanical register, usually through 
an electronic scaling circuit, so that the number of pulses 
occurring in a given time may be observed. Alternatively, the 
pulses may be integrated by means of a counting rate-meter. 
The observed counting rate then provides a measure of radia- 
tion intensity or of the radioactivity of a sample. A pro- 
portional counter is, by definition, a counter tube operated 
under such conditions that the voltage pulse produced is pro- 
portional to the number of primary ions formed by the inci- 
dent particle, so that it can often be used to distinguish between 
radiations of different energies or of different kinds. 


c. The Geiger-Miiller Counter 


When a counter tube is operated in the proporticual region, 
the discharge is localized to those parts of the wire correspond- 
ing to the site of formation of primary ions. As the voltage 
across the counter is increased, the discharge tends to spread 
along the wire, until a point is reached when any discharge 
which may be initiated spreads the whole length of the 
counter wire. From this point onwards, the so-called Geiger 
threshold, the counter is said to be operating in the Geiger- 
Miiller region. The Geiger-Miiller counter is thus charac- 
terized by the fact that the size of the output pulse is indepen- 
dent of the number of primary ions formed, and it is therefore 
not possible to discriminate between a single electron or the 
large number of ions produced by an « particle. 


The Discharge Quenching Mechanism 


In earlier paragraphs, mention has been made of the voltage 
pulse on the counter wire corresponding to the arrival of an 
ionizing particle. This presupposes some mechanism whereby 
the counter discharge, once triggered, is quenched after a 
short time and the counter restored to its original sensitive 
condition. If a counter is filled with a simple gas such as 


FIG. 2. GEIGER-MULLER COUNTER CIRCUIT 


See text, section 1c 


hydrogen, nitrogen, or one of the noble gases, then, owing to 
the emission of ultra-violet quanta by the excited molecules in 
the discharge, with the consequent emission of photoelectrons 
from the gas and cathode surface, and because of the libera- 
tion of secondary electrons from the cathode by the arriving 
positive ions, the discharge, once initiated, tends to be self- 
perpetuating. It is therefore necessary to extinguish the 
counter discharge by some external means. This can be done 
by using a very high value for the series resistance R (fig. 2). 
This in turn results in a very long time-constant of the order 
of 10-2 sec., hence the use of the term “* slow ” counter for such 
an arrangement. Alternatively the counter can be quenched 
by special electronic quenching circuits (see below). 

In 1935, Trost found that the addition of a polyatomic 
vapour to the filling gas of the counter gave a counter which 
could be operated with a low series resistance, such counters 
being known as “ self-quenched,” and it is this type of counter 
which is in general use today. The quenching gas serves two 
purposes: it absorbs excitation energy from the positive ions 
and dissociates so that there is a very low probability of 
secondary emission from the cathode, and it absorbs the 
photons formed in the discharge, thus eliminating photo- 
electrons. Consequently, with a knowledge of the absorption 
spectrum in the ultra-violet of a particular quenching gas, and 
of its ionization potential as compared with that of the 
counter gas, it is possible to predict whether or not a parti- 
cular gas mixture may be used in a self-quenching counter 
tube. This is important when it is desired to count radio- 
active materials in gaseous form. Self-quenching counters or 
“‘ fast’ counters have an insensitive time of the order of 
10-* sec. 


Dead Time and Recovery Time 


In 1942, Stever published his well-known demonstration of 
the “‘ dead-time” phenomenon, and formulated a theory which 
explained in semiquantitative terms the behaviour of fast 
counters. The theory has been elaborated by other workers, 
but can be briefly stated as follows. The counter discharge 
occurs very close to the wire, and the negative ions, usually 
electrons, are collected very rapidly. The positive ions move 
relatively slowly, so that as the discharge proceeds a positively 
charged sheath forms around the wire. This has the effect of 
reducing the field around the wire to a value below that 
corresponding to the threshold voltage, and the discharge 
ceases. The positive ion sheath then moves outwards until 
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FIG. 3. STEVER’S DEMONSTRATION OF THE 
** DEAD-TIME ’’’ PHENOMENON 
(cf. Stever, 1942) 


EFFECTIVE DEAD TIME—= 


EQUIPMENT 


e— DEAD TIME —*e-RECOVERY TIME—® 200 
microseconds 
(approx) 


Note how the effective dead time depends on the pulse size and 
on the sensitivity of the counting equipment. On the right of the 
graph is shown the cross-section of a Geiger-Miiller counter; 
r = critical radius. See also text, section 1c 


the critical radius r (fig. 3) is reached, when the field at the 
wire is restored to the threshold value. This marks the end of 
the true “‘ dead time”. If another ionizing event triggers the 
counter at this stage, a pulse smaller than normal is obtained, 
as the full voltage across the counter is not operative. How- 
ever, if the positive ions have reached the cathode before the 
next particle arrives the pulse will be of full size. This effect 
can be demonstrated with a triggered oscilloscope, as shown 
in fig. 3, the period during which only partially developed 
pulses are formed being termed the ‘* recovery time.” 

The effective dead time or insensitive time following a 
recorded pulse is contributed to by both the dead time and 


the recovery time, and will depend not only on a number of 
parameters associated with the counter dimensions and gas 
filling, but also on the operating voltage of the counter, on the 
sensitivity of the electronic recording equipment and on the 
counting rate. It is necessary to apply appropriate corrections 
to observed counting rates to allow for this dead time. 


The Counter Characteristic 


The most valuable single piece of information about a par- 
ticular counter tube which can easily be obtained is the voltage 
characteristic curve. The counting rate due to a fixed and 
constant radioactive source is observed as a function of the 
voltage across the counter. A curve of the form shown in 
fig. 4 is obtained. The counter commences to count at a point 


FIG. 4. CHARACTERISTIC CURVE OF GEIGER- 
MULLER COUNTER 
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See text, section 1c 


corresponding roughly to the Geiger threshold voltage, and 
there follows a “* plateau ” where there is little change in the 
counting rate as the voltage increases. Finally a point is 
reached where the self-quenching mechanism is no longer 
operative, and the counting rate rapidly increases until the 
counter breaks down into a continuous discharge. In order to 
ensure stable operation, the counter is worked with an applied 
voltage roughly corresponding to the mid-point of the plateau. 
Hence a flat plateau is regarded as a desirable characteristic 
in a counter; a long plateau is also desirable, but not so 
important. 

In practice most counters do have a slightly sloping plateau, 
partly because of geometrical limitations of the counter 
design, and partly because of spurious counts due to an un- 
satisfactory gas-filling or to undesirable properties of the 
cathode surface. 


Gas-Fillings 

The composition of the gas-filling in a counter tube usually 
has a considerable effect on its operating characteristics. 
Certain impurities, particularly water vapour and oxygen, are 
undesirable. Water vapour tends to form slow-moving nega- 
tive ions by electron attachment; this results in spurious 
pulses following a genuine ionizing event, which cause the 
counter to have a sloping plateau. In some cases, temperature 
changes result in variations in the amount of the quenching 
gas absorbed on the counter wall, so that the composition of 
the gas phase changes. This results in shifts in the voltage 
characteristics and hence changes in counting rate for a fixed 
source. 

As the counter is used, each discharge results in the decom- 
position of some of the quenching vapour, so that after about 
10° or 10° counts sufficient vapour has been destroyed to 
affect the performance of the tube. Spurious counts become 
more frequent, and the slope of the plateau increases so as to 
make the counter unusable. 

For many years a mixture of argon (10 cm. of Hg) and 
ethanol (1 cm. of Hg) was the filling generally used for per- 
manently scaled counter tubes. As a result of the work of 
Jenkins & Taylor (1950), ethyl formate is now used in place 
of the alcohol in some types of tubes. Tubes filled with 
ethyl formate are reported to have a rather longer useful life 
and smaller temperature coefficients than counters filled with 
ethanol. 

In 1948, Liebson & Friedman showed that a trace of one of 
the halogens in counters filled with a neon-argon mixture 
would serve as a quenching agent. The halogen fillings are not 
decomposed by the discharge, so that these counters have a 
useful life many times longer than those with organic vapour 
fillings. In addition, these counters can be fitted with a more 
robust centre wire, and they operate at 300-400 volts as 
compared with 1,000-1,200 volts. This latter property is a 
useful one when battery-operated portable counting equip- 
ment has to be designed (Franklin & Loosemore, 1951). The 
main difficulty with the halogens is that their extremely high 
chemical reactivity greatly limits the choice of materials which 
can be used for counter construction. 


Electronic Quenching of Geiger-Miiller Counters 

Although the discussion of the associated electronic equip- 
ment is beyond the scope of the present article on counters, 
mention should be made of the probe-unit 1014A developed 
by Cooke-Yarborough, Florida & Davey (1949). This device, 
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based on a circuit devised by Getting (1938), is triggered by 
the pulse from the counter and feeds back a square pulse of 
some 300—500 usec. duration to the counter wire. The pulse is 
of sufficient amplitude to extinguish the discharge. Although 
the Geiger counters described above are self-quenching, this 
device offers three practical advantages. In the first place, it 
suppresses spurious counts, often resulting in a flatter plateau 
and more stable counting (Putman, 1948). Secondly, the dead 
time is defined by the length of the square wave, and is there- 
fore constant and depends only on the circuit constants of 
the probe-unit, instead of being a variable quantity which is 
in any case tedious to measure. Finally, since the probe is 
triggered near the beginning of the pulse, it is not necessary to 
build up a dense sheath of positive ions around the counter 
wire to quench the discharge; consequently a smaller number 
of quenching gas molecules is decomposed at each discharge 
and the useful working life of the counter in terms of total 
counts is greatly increased. For these reasons the use of this 
type of probe-unit for radioactive assay work is to be strongly 
recommended. This circuit, however, cannot be used with 
counters that are not self-quenched. 


2. Design and Operation of Ion Chambers and Counter Tubes 


The foregoing discussion on the theory of equipment for 
detection of ionizing radiation is necessarily far from com- 
plete. The relevant literature includes some hundreds of 
papers, many published during the past five years. For a 
more detailed discussion, and a fuller bibliography, the 
reader is referred to two textbooks recently published in 
Great Britain: the most recent (Wilkinson, 1950) deals 
primarily with the theoretical aspects; the other (Curran & 
Craggs, 1949) also deals in detail with the associated electronic 
equipment and many of the applications of counters. 

Almost all the medical and biological applications of radio- 
active isotopes involve the detection of 8 particles (or positrons) 
and y or x radiation. For this reason «-particle measurements 
are not included in this discussion. Also, it may be assumed 
that most workers in biology have neither the facilities nor the 
desire to construct their own counter tubes. Consequently, 
the discussion of various types of counter tube is confined as 
far as possible to those obtainable commercially in Great 
Britain. This does not impose much of a limitation, since for 
the past five years there have been regular meetings, under 
the aegis of the Ministry of Supply, at which the manu- 
facturers and representative users of counter tubes are able to 
discuss requirements and the technical aspects of production 
of counters. This has helped to make available a considerable 
range of tubes for varied applications, and this range is still 
rapidly increasing. Moreover, many of the more frequently 
used types of tube are covered by a CV specification (cf. 
figs. 5, 6) in the same way as the commonly used types of 
radiovalve, so that although tubes in this category may be 
made by different manufacturers, they are all made to the 
same specifications. More detailed discussions which are 
also wider in scope than the present article have been pub- 
lished by Taylor & Sharpe (1951) and by Rovner (1950). 

When counter tubes are used for medical work, reliability 
in operation and stable operating characteristics are very 
necessary. However, because of the possibility that radiation 
from the isotope used may influence the phenomenon which is 
being studied, or, in the case of isotopes administered to 
humans, because it is necessary to reduce radiation hazards 
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as far as possible, there are two other important requirements. 
In the first place the efficiency of the counter for the type of 
radiation being measured must be as high as possible. Secondly, 
because radioactive disintegration is a random process, it 
follows from well-known statistical laws that the smallest 
quantity of a radioactive isotope which can be measured under 
given geometrical conditions is determined in practice by the 
“background ” counting rate of the tube. The statistical 
problems involved in counting measurements have been 
discussed in detail by Taylor (1950) and by Loevinger & 
Berman (1951) as well as many others. The background 
count is due to cosmic rays, to natural radioactivity in the 
earth and atmosphere together with other radioactive sources 
which may be in the vicinity, and to radioactive contaminants 
which may be on or in the materials used to construct the 
counter tube. For most applications this background count 
must be kept as low as possible. This involves care in the 
choice of materials used, and a high degree of cleanliness. The 
effect of extraneous sources of radiation is reduced in most 
cases by shielding the counter tube with 5—7.5 cm. of lead. 
The cosmic ray background may be reduced by care in design- 
ing the counter, it being borne in mind that little advantage is 
gained by reducing the cosmic ray count if there is a conse- 
quent loss of efficiency for the radiation being measured. It is 
possible in some cases to use a system of guard counters in 
anticoincidence with the counter tube so that counts in the 
measuring tube due to cosmic rays are not recorded (Putman, 
1949). 

Taking a high efficiency for a given type of radiation as the 
most important criterion governing the selection of the counter 
tube best for a particular application, the types of counter 
fall naturally into two groups, namely, those intended pri- 
marily for B-ray measurements, and those for y-ray measure- 
ments. 


a. B-Ray Counters 


The design of $-ray counters is conditioned mainly by the 
fact that 8B rays have only a limited range in matter. The 
range is usually expressed in terms of the weight of material 
per unit area which can be traversed before the particle is 
absorbed, and depends on the energy of the 8 ray. To a first 
approximation, a $-ray absorption curve is logarithmic, the 
half-absorption thickness being of the order of a few milli- 
grams/cm.*. Consequently, a counter for $-ray measure- 
ments must have a wall which is thin enough for a large 
fraction of the incident radiation to penetrate it, or it must be 
fitted with a thin window. A counter designed for use with 
8 rays will also be sensitive to y rays, but to a much smaller 
extent. 


End-Window Counters 


One of the most widely used types of 8 counter has the 
centre wire supported at one end, the other end of the tube 
being fitted with a thin window. A glass bead at the free end 
of the wire prevents spurious discharges. Some examples are 
shown in fig. 5. The first is of metal construction, the wire 
being carried through a standard metal-glass seal. One 
version of the tube has a 6 mg./cm.? Duralumin window, and 
can be used for all but the softest 8-ray emitters (CV2138) 
(fig. 5a). A more robust tube is obtained by fitting a thicker 
window of 25 mg./cm.?, but this can be used only with the 
more energetic 8 emitters such as “*K, **P, etc. For very weak 
8 emitters, such as ##C and 5S, it is necessary to use very thin 









FIG. 5. TYPES OF END-WINDOW B COUNTERS 
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a: Metal body, ethyl formate quenching, Duralumin window 
(CV2138); the same with mica window (CV2139) 
b: Glass body, halogen quenching, mica window (EW3H) 


c: All-glass counter, halogen quenching, thin glass bubble window 
(EW3HG) 


windows, usually of mica, whose thickness is about 1.5-2.5 
mg./cm.*. Such windows are not strong enough to stand a 
pressure difference of more than a few cm. of Hg. It is, 
therefore, necessary to use a filling at a higher pressure, such 
as helium-ethyl formate at 50-60 cm. instead of the more 
usual filling. with argon-ethyl formate at 10 cm. (CV2139). 
The development of this range of tubes is described in a 
recent paper by Jenkins (1951). 

When '‘C samples of low specific activity are to be measured, 
then, it being assumed that there is sufficient material available 
and that the counter window is thin enough, the factor which 
limits sensitivity is the size of the sample There is no ad- 
vantage to be gained by increasing the thickness of the sample 
beyond about 20 mg./cm.*, since the 8 rays from the lower 
layers are almost completely absorbed in the rest of the 
sample. It is, therefore, desirable to increase the area over 
which the sample is spread, and to use a counter with a larger 
window area. The glass tube shown in fig. 5b (EW3H) is 
fitted with a mica window, which can be made quite large; 
this tube can be filled with a halogen mixture. 

The counter shown in fig. Sc (EW3HG) is constructed 
entirely of glass, the window being formed by a thin glass 
bubble; hence this type can also be used with a halogen 
filling. Since counters of this type can be made relatively 
cheaply and have a low working voltage they are particularly 
useful for contamination monitoring. They are not very 
suitable for accurate assay work because the source cannot be 
brought as close to the window as with other types. However, 
this tube is very useful for in vivo $-ray studies, since the 
window can be sterilized with spirit or other disinfectant, and 
measurements can be carried out which would otherwise be 
precluded by the risk of infecting wounds or other injuries. 





Thin-Walled ® Counters 


The thin-walled counters are mainly used for measuring 
the radioactivity of liquids, and tubes for this purpose are 
usually constructed entirely of glass. The wall is drawn down 
to a thickness of about 30 mg./cm.*. Because of the relatively 
thick wall required for adequate mechanical strength and 
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because of the absorption of 8 rays in the liquid, measure- 
ments on liquid samples are confined to isotopes with a 
relatively high 8-ray energy (i.e., << 0.5 MeV). The counter 
shown in fig. 6a (CV2140) serves as a dipping counter and is 
useful for purposes of radiation monitoring. For the assay of 
radioactivity in small liquid samples, e.g., blood, plasma, 
urine, tissue extracts and digests, etc., the tube shown in fig. 6b 
(CV2145) has proved extremely useful. The sample is placed 
in a jacket of about 10 ml. capacity which surrounds the 
thin-walled tube. Provided the counter is filled beyond the 
thin-walled portion, the counting rate is proportional to the 
concentration of the isotope in the liquid and is more or less 
independent of the volume of liquid. The operation of this 
counter has already been described in detail (Veall, 1948), 
and careful studies have been made on the effect of the com- 
position of solution on the counting rate for various isotopes, 
the effect being analogous to the self-absorption effects 
met with in the counting of solid samples (Rose & Emery, 
1951). 

Modifications of this type of counter have been developed 
to deal with smaller samples (Harris, 1949), and to permit the 
use of special cleaning procedures. Another advantage of this 
tube is that it can be calibrated with a solution of known 
activity and subsequently used as a sub-standard for dispensing 
and other measurements involving sample assay in absolute 
units (Putman, 1950). 

A different type of counter for measuring activity in 
liquids has been developed by Aves & Sharpe (unpublished). 
The liquid flows through a thin-walled tube of about 2 mm. 
diameter; this tube is formed into a helix which is arranged 
so as to run between the anode and cathode of a cylindrical 
counter (F10) (fig. 6c). These flow-counters are particularly 
useful for recording the activity of the solutions eluted from 
chromatographic or ion exchange columns. 


FIG. 6. THIN-WALLED GLASS COUNTER TUBES 
FOR LIQUID SAMPLES 
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a: Dipping counter (CV2140) 
b: Jacketed tube (CV2145) 
c: Liquid flow.counter (F10) 
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Windowless Counters 


The loss in efficiency due to absorption of soft 8 rays in the 
counter window can be avoided by placing the sample inside 
the counter. This involves pumping and refilling the counter 
each time the sample is changed, or, more usually, a con- 
tinuous gas-flow counter is used. The method in general use 
is that described by Simpson (1947). A metal counter tube 
is fitted with a gas lock for admitting samples, and a con- 
tinuous stream of methane is passed through it at atmospheric 
pressure. The tube is operated in the proportional region in 
order to ensure a reasonable operating voltage. It seems 
zenerally agreed that methane flow-counters are more stable 
n operation than Geiger-Miiller counters. Another advan- 
iage of this type of counter, which cannot be exploited very 
iften in medical work, is its short dead time, of the order of a 
ew microseconds, so that even at high counting rates the dead 
ime losses are negligible. This method forms the basis of the 
Atomic Energy Research Establishment assay equipment, 
Type 1077B. 

In most cases the windowless counter does not provide a 
very great increase in sensitivity over the thin-window counter, 
since absorption in the sample sets the limit. A considerable 
mprovement is obtained by converting the sample into a gas, 
which then forms, or is mixed with, the gas filling the counter. 
Under these circumstances counting efficiency approaches 
100%. 


Gas Counters 


The gas counter for soft 8 measurements was used by 
Miller (1947) for the assay of 1*C. The tube was filled with 
CO,, carbon disulphide was used as the quenching gas, and 


the counter operated in the Geiger region at about 3,000 volts. 
O’Connor (unpublished) reported that 14C could be counted as 
pure CO, in a proportional counter, provided that the gas was 
carefully dried. 

35S may be counted in the gas phase as HS. Ignatowicz & 
Phillips (1951) have shown that H.,S, up to a pressure of 1 cm. 
of Hg, can be mixed with the usual filling mixture of argon- 
ethyl formate without undue adverse effects on the operating 
characteristics of a Geiger counter. 

The only practical method of assaying tritium (*H), the radio- 
active isotope of hydrogen, is in the gas phase, owing to the 
extremely low energy of its 8 rays. It may be introduced into 
a Geiger counter or proportional counter as hydrogen mixed 
with the usual gases. However, since the samples of interest 
are usually in the form of water, and since water vapour has 
an adverse effect on the operation of counters, the procedure 
of White, Campbell & Payne (1950) has much to recommend 
it. The water is allowed to react with aluminium carbide, the 
methane so formed being included in the filling of a propor- 
tional counter. 

The counters which are available for gas counting do not 
have any special features beyond the provision of a side-tube 
which can be immersed in liquid air to facilitate the vacuum 
manipulation of the various gases involved. 


Needle Counters 


6 Counters of external diameter of only 2-3 mm. have been 
developed, mainly by Robinson (1950). These may be used 
for in vivo measurements, and have already been applied to 
the localization of brain tumours with *2P (Selverstone, 1949). 
Their use has been suggested for the diagnosis of avascular 
necrosis of the femoral head (Tucker, 1950), again with *2P. 


b. y-Ray Counters 


Many isotopes of biological interest emit y radiation in 
addition to 8 rays or positrons. This radiation is highly 
penetrating, and may pass through several cm. of tissue 
without appreciable attenuation. This property makes it 
possible to detect and measure radiation coming from any 
part of the body, hence the great potential value of in vivo 
y-counting techniques in medical diagnosis. 

Since y rays are quanta of electromagnetic radiation, they 
will not actuate a counter tube unless they are absorbed in, or 
interact with, the material of the counter wall so as to produce 
a photoelectron or a recoil electron which can then ionize the 
counter gas. Since the radiation is very penetrating, there is a 
low probability that a particular quantum will be absorbed in 
a thin counter wall; on the other hand the thickness of the 
cathode cannot be usefully increased beyond the maximum 
range of the secondary electrons. Consequently, the Geiger- 
Miiller counter has an inherently low efficiency as a y-ray 
detector, rarely exceeding 1-2%. 

The general considerations underlying the technique of in 
vivo measurements of y rays in patients have been discussed 
in detail elsewhere (Veall, 1950). The main conclusion 
arrived at is that for most applications the maximum sensiti- 
vity possible for the y counter is desirable in order to reduce 
radiation hazards to the patient; and in most cases it is 
essential if at all useful observations are to be obtained. For 
example, studies of accurate localization can be carried out 
using a counter shielded with a lead collimator. To increase 
the linear resolution of such an arrangement it is necessary to 
reduce the aperture. This results in a lower counting rate, and 
therefore in larger statistical errors. Consequently, a point is 
reached where it is not possible to determine the position of a 
source without sacrificing information concerning its strength, 
and vice versa. For a given strength of a source and a given 
available period for measurement, it is possible to increase the 
over-all accuracy of measurement only by increasing the 
efficiency of the counter. 

There are two methods of ensuring the maximum efficiency 
for y counters. Cathodes made of a material of high atomic 
number have a higher photoelectric absorption cross-section 
than those of lower elements. This effect is particularly 
marked with radiations of lower energy; thus in the case of 
131J/ counters with platinum, tungsten, bismuth or lead 
cathodes are four to five times more sensitive than those with 
copper cathodes (Bradt et al. 1946; Veall & Emery, un- 
published data). The other method of increasing sensitivity 
is to increase the ratio of cathode area compared to cross- 
sectional area of the counter, so that the secondary electrons 
have a greater chance of escaping into the counter. For 
instance, the use of gauze cathodes as compared with smooth 
metal cathodes may give a gain of about 1.5 in sensitivity 
(Evans & Mugele, 1936). 

Good, Kip & Brown (1946) originated the bismuth on 
copper gauze type of cathode, which is now widely used in the 
USA. In Great Britain a comprehensive range of tubes has 
been developed with lead-copper gauze cathodes. They have 
the advantage that they are considerably cheaper to produce 
than the bismuth cathodes, while being equally sensitive. A 
series of such tubes of varying sizes is shown in fig. 7. 


Sample Assay by ~ Counting 


In spite of the low efficiency of y counters, it is sometimes 
preferable to assay samples by y counting. The advantage 
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FIG. 7. Y-RAY COUNTERS 


Sizes available range from about 4 cm. to 120 cm. long 


offered is that even bulky samples do not absorb a very high 
proportion of the radiation, so that chemical separations are 
unnecessary. The sensitivity of the equipment can be 
increased by placing a number of counters around the 
sample so that as large a solid angle as possible is subtended 
by the counter tubes. In one apparatus of this type (Veall & 
Vetter, 1952), 1 uc. of '**I contained in a 24-hour sample of 
urine of about 2.5 |. gives about 9,000 counts/min. A 10 ml. 
aliquot counted in a CV2145 6 counter with a higher absolute 
efficiency would give only about 50 counts/min. This shows 
how the ability to assay a bulk sample by y-ray counting 
may more than compensate for the low absolute counting 
efficiency. 


Multiple Counter Techniques 

Besides providing increased efficiency for y-ray detection, 
the use of several counters offers another advantage, in that 
they can be arranged around the source of radiation in such 
a way that movements of the source have relatively little 
effect on the counting rate. This is useful for in vivo studies 
of the uptake of radioisotopes in particular organs when 
precise positioning of the patient over the requisite period is 
difficult. The use of this technique in studies on the uptake of 
radioiodine by the thyroid is described by Freedburg et al. 
(1950). An interesting development along these lines is the 
toroidal counter developed by Haigh (1951), which can be 
placed around the patient’s neck like a collar. 


c. Ionization Chamber Techniques 


An ionization chamber, in which the radioactive material 
forms the gas-filling used in conjunction with a suitable 
electrometer circuit, provides a method whose ultimate 
sensitivity for the measurement of soft 8 emitters may in some 
cases exceed that of the gas counter, if it be assumed that 
background level is the limiting factor. Since the nature and 


pressure of the filling gas are not so 
critical as is the case when counters 
are used, it is possible to work at 
gas pressures exceeding atmospheric 
pressure. Thus Henriques & Marg- 
netti (1946) worked with chambers 
filled up to 2 atmospheres’ pressure 
for the assay of “C, *S and °H, 
while Janney & Moyer (1948) have 
used chambers filled to atmospheric 
pressure with CO, for the assay of 
4C, It will be seen that the method 
is best applicable to measurements 
of soft 8 emitters in cases where the 
specific activity of the sample is verv 
low, but where there is a relatively 
large amount of the material avail- 
able for assay. The main advantage 
of the ionization chamber method is 
its simplicity. In addition, it is pos- 
sible to dispense with complex elec- 
tronic equipment, with considerable 
reduction in cost. While it is diffi- 
cult to carry out counter measure- 
ments with errors of less than + 4%, 
it is possible, under favourable con- 
ditions, to achieve a reproducibility 
several times better than this by ionization measurements 
(Emery, unpublished data). 


3. Scintillation Counters 


The scintillation counter represents an elaboration of the 
technique used by Rutherford in the days when « particles 
were counted by means of the visible scintillations they 
produced on their impact with a fluorescent screen. . The 
main advance is that the observer has been replaced by a 
photosensitive tube and the electrical pulses so obtained are 
counted by electronic equipment. 

So far as medical and biological workers are concerned, the 
value of scintillation counters lies primarily in their use for 
y-ray measurements, since they can be made 10 or 20 times as 
efficient for this purpose as the Geiger-Miiller counter. This 
is because the secondary electrons are absorbed within the 
phosphor, so that, provided it is transparent, sufficient 
material can be used to absorb an appreciable fraction of the 
incident quanta. Hence they have a wide field of application 
both for in vivo work and for assaying radioactive sample: 
without the inconvenience due to absorption of the radiatior 
encountered with 8-ray techniques. 

A wide range of phosphors may be used. Of these, crystal- 
line calcium tungstate is useful in applications where a small 
compact detector is required. Such a crystal may be used ii 
conjunction with a Perspex light-guide to form a probe for it 
vivo measurements (Belcher & Evans, 1951). For mor 
general work, particularly in y-ray assay work, a thallium 
activated sodium iodide crystal is used (Owen & Sayle, 1950) 
The photomultiplier tube which has been mainly used to date 
has been the R.C.A. 931A or its equivalent. A difficulty which 
has been encountered with this class of photomultiplier is that 
in addition to the normal background count, counts are 
obtained due to “ noise ” arising within the tube itself. To 
avoid these spurious counts it is necessary to cool the tube 
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with solid CO, or liquid air; alternatively two tubes may be 
used in conjunction with a coincidence circuit and a single 
phosphor. However, new photomultipliers have now been 
developed primarily for use as scintillation counters, for 
instance, the range of tubes produced by Electrical and 
Musical Industries and described by Sommer & Turk (1950), 
which have a low background count even at normal tem- 
peratures. 
4. Scintillation Geiger Counters 


A recent development which promises to be useful is the 
scintillation Geiger counter. Scherb (1948) has shown that it 
is possible to treat the cathode of a counter tube so as to make 
it sensitive to visible light. If such a tube can be fitted with a 
suitable phosphor (Mandeville, 1950), it will provide a y-ray 
detector which combines the efficiency of a scintillation 
counter with the relative simplicity and cheapness of the 
Geiger counter. The availability of such counters depends on 
the results of studies of the spectral response of various 
cathodes as compared with the wavelength of distribution of 
the light emitted by various phosphors. 
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5. Conclusion 


It should be emphasized again that the foregoing discussion 
is far from complete. Its main purpose has been to show that, 
for any problem involving radiation measurement, it is pos- 
sible to choose from a wide variety of radiation detectors with 
a view to using the one best suited to any particular applica- 
tion. On the other hand, properties regarded as desirable, 
such as high efficiency, low background, long working life, 
stable operation, convenience and low cost, are not always 
compatible one with the other, and it is sometimes necessary to 
sacrifice one or more of these properties in order to secure an 
improvement in one of the others. The decision as to which 
are the most important requirements must depend upon the 
problem and on individual circumstances. Finally, it should 
be pointed out that new methods and instruments are con- 
tinually being developed by many workers, so that progress 
is being made towards the situation where the medical worker 
will be able to select the instrument which will fulfil all the 
requirements for a particular application, instead of only the 
more important ones. 
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A. TECHNIQUES 


Autoradiography utilizes the photographic action of ionizing 
radiations for locating radioactive material in a specimen. 
The technical aspects of the method will appear different 
according to the purpose of an experiment. Definition will be 
relatively unimportant for finding labelled compounds on a 
paper chromatograph but speed will be essential. In cyto- 
logical experiments determination of compounds in single 
cells or parts of cells will usually be the task, and definition 
(or resolving power) becomes the most important factor. The 
various techniques designed to meet these requirements are 
described in the first section of this paper. The second section 
deals with applications of the stripping-film technique to 
investigations of the synthesis of labelled nucleoproteins in 
the growing root of the broad bean (Vicia faba). 

The important points for judging various techniques of 
autoradiography are: resolving power, speed, possibility of 
artifacts, reliability and ease of handling. 

The photographic action of radiations forms the basis of 
the process and the following brief discussion of its main 
features will serve to help in understanding it and overcoming 
possible difficulties. Photographic emulsions consist of silver- 
bromide crystals, the so-called grains, which are suspended in 
gelatin. After absorption of a sufficient number of quanta of 
visible light or of sufficient energy derived from an ionizing 
radiation, grains become developable, i.e., the developer can 
reduce the exposed grains to silver whilst the unexposed ones 
remain unaffected. The process thus depends on the power 
of the developer to distinguish between exposed and un- 
exposed silver-bromide crystals. The problems relating to this 
question have been solved to some extent but a certain 


number of unexposed grains are always developed, forming 
the background. Low background is absolutely necessary in 
autoradiography, since it essentially determines the smallest 
concentrations of radioactive material which can still be 
observed. Some of the background is of course due to stray 
light during handling of the emulsion and to stray radiations, 
cosmic rays, etc. 

Estimates of the average number of 8 particles which render 
one grain developable vary from one to three (Berriman, Herz 
& Stevens, 1950; Lamerton, personal communication) for 
most of the radioactive elements and emulsions in question. 
For low densities the number of grains can be taken as 
proportional to the exposure. For autoradiographs of large 
objects where detail is not important, optical densities of 
0.2-0.6 are necessary for observation, the connexion between 
density (d) and the number of grains (7) per cm.? being 


d = 0.4343an 


where d is the average cross-section per grain. 

For microscopic observation of fine detail at least 10 
grains/100 2.2 above background, which should not be higher 
than 4-6 grains/100 u.?, are needed (Doniach & Pelc, 1950). 
Usually exposures of 107—10° particles/cem.? are needed to 
obtain useful autoradiographs. 

Since the aim of autoradiography is the accurate localization 
of radioactive material in a given sample, some measure of the 
definition or, better, resolving power, has to be found. For 
practical purposes it would be natural to define the resolving 
power of a given method as the shortest distance between 
two point sources of: radiation which still results in two 
distinct images. This definition would lead to complicated 
terms in theoretical treatments of the process and for this 
reason the half-width of the curve relating the number of 
developed grains to the distance from the point source was 
used by Doniach & Pelc (1950), Gross et al. (1951) and Nadler 
(1951). 

Calculations of the resolving power obtainable showed at 
once that the important factors are thickness of specimen, 
thickness of film and the separation between film and specimen. 
Computations (Doniach & Pelc, 1950) proved that a resolving 
power of about 2 u. was possible for specimen and film of 2 . 
thickness each, separated by a distance of 0.1 u. or less. This 
was obtained on autoradiographs prepared by the stripping- 
film technique (Pelc, 1947; Berriman et al. 1950). Stevens 
(1950) demonstrated the resolving power by very ingenious 
experiments on autoradiographs of geometrical patterns. 
Resolving powers of 2 2. and less were shown on biological 
material (Howard & Pelc, 1950, 1951b, 1951c). 


1. Techniques of Autoradiography 


In the simplest technique (Lacassagne & Lattes, 1925; 
Axelrod & Hamilton, 1947) the specimen and a piece of 
x-ray film are pressed together and left for exposure. After a 
suitable time the film is removed and processed. Autoradio- 
graphs with a resolving power of 50-100 u. are obtained, the 
spread being high on account of the thickly coated fast x-ray 
emulsions. Apart from the thickness of the emulsion the bad 
resolving power is due to bad contact. 

An improvement in resolving power was achieved by Evans 
(1947), who floated sections of his material on a photographic 
plate or film, which was then dried and left for exposure. 
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From published photomicrographs the resolving power of 
the method can be judged to be 5-6 u. 

Bélanger & Leblond (1946) obtained similar resolving 
power by coating sections with photographic emulsion which 
was liquified by heating it to 37° C. After cooling, the pre- 
parations were stored and processed after suitable exposure. 
In Bélanger’s inversion technique (1950), specimen and auto- 
radiograph are inverted and stained. 

Stripping films are photographic emulsions which can be 
removed from their support. Autoradiographs can be made 
by floating a strip on water (Pelc, 1947; Doniach & Pelc, 
1950) until it is soaked through, and lifted in such a way that 
it covers the specimen. The preparation is then dried, left for 
exposure and processed. Special stripping film for auto- 
radiography with a nuclear track emulsion of 4 u. thickness, 
produced by Kodak Limited, gives resolving powers of 
about 2 uw. (Howard & Pelc, 1951b, 195lc; and see Plate II, 
figs. E, F). 

The technique giving the best resolving power need not neces- 
sarily be the best for all purposes, and the advantages and 
disadvantages of the various methods should be considered. 

The first technique recommends itself by its simplicity and 
the fact that normal commercial films can be used. In many 
applications the resolving power which can be achieved with 
this method is sufficient, and the fact that one specimen can 
be used to produce a number of autoradiographs can be of 
value. When an opaque specimen has to be used the fact that 
film and specimen are normally separated is of advantage. 
The disadvantages of the method are its low resolving power 
and the difficulty in finding the same position in autoradio- 
graph and specimen. 

Evans’s method (1947) gives better resolving power, and the 
fact that normal photographic material can be used is of 
advantage. The specimen can be stained after processing and 
is above the autoradiograph, and both can be viewed simul- 
taneously. Transferring the specimen in the dark is some- 
what difficult. Biological specimens are usually embedded 
in paraffin wax before sections are cut. In our experience 
complete dissolving of the embedding material is often not 
achieved and uneven development results. The technique 
could not be used for smears or squashes because the method 
of preparation would result in severe scratching of the photo- 
graphic emulsion. 

Leblond’s technique shows most of the advantages of that 
of Evans. In addition, methods of staining have been very 
carefully worked out by Lebiond and his collaborators. 
Disadvantages are that elaborate equipment is needed for the 
preparation of the autoradiographs, and that the photographic 
emulsion is of uneven thickness. 

The stripping-film technique has given the best resolving 
power and its application is relatively simple and needs no 
special equipment. It shares with all techniques, in which the 
photographic emulsion is in close contact with the specimen, 
the danger of artifacts caused by diffusion of various sub- 
stances into the emulsion. Boyd & Board (1949) have ob- 
served blackening of the photographic emulsion without 
radioactive: material, i.e., substances in the specimen render 
photographic grains developable. The present authors have 
observed this artifact as well as inhibition of photographic 
action, probably due to similar causes. Both kinds of artifact 
can be avoided by suitable preparation of the specimen, or by 
interposing a layer of impermeable material between emul- 
sion and specimen. When the latter course is chosen, the 
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influence of such a layer on the resolving power should be 
borne in mind. 

When microscopic examination of the autoradiograph is 
intended, the cleanliness and care in processing the emulsion 
must necessarily be of a much higher order than in ordinary 
photographic practice. Even small amounts of dust, slight 
scratches and tiny cracks in the gelatin due to unequal tem- 
perature of the solutions used will show up under higher 
magnifications. 

Attempts have been made to use electron-track emulsions 
for autoradiography (Boyd & Levi, 1950; King, Harris & 
Tkaczyk, 1951). The advantages claimed are higher sensiti- 
vity and the possibility of better resolving power. Whether or 
not these promises will be fulfilled can be shown only by more 
experimental work. The fact that these emulsions record the 
tracks of electrons due to cosmic rays, as well as the desired 
tracks, makes long exposures impossible, since a heavy back- 
ground of cosmic ray tracks accumulates after a few hours. 
For example, in work with **P, exposures for two half-lives 
(28 days) are possible in contrast autoradiography utilizing 
75% of the possible number of electrons hitting the film. 
With an electron-track emulsion, on the other hand, only 5% 
of the electrons would be effective during one day’s exposure 
and, even if every electron track recorded could be ascribed to 
electrons emitted by **P, the gain in sensitivity would not be 
large. 


2. Radiation Damage 


Ionizing radiations are capable of damaging organisms, 
and the possibility of influencing the processes that are being 
investigated by the radiations emitted by the radioactive tracer 
is of great importance. Whilst almost every function of living 
organisms can be influenced by radiation, the extent of the 
damage depends on the dose in r6ntgens, on the type and 
energy of radiation, and on the organism, and its detection 
depends on the method of scoring. Thus Gray & Scholes 
(1951) found that the influence of 20 r. of x rays on growing 
root tips of the broad bean (Vicia faba) can be detected by 
measuring the growth-rate of the roots. If only elongated 
cells of the root are irradiated, no effect on the growth-rate 
can be found. Whether such damage has been caused has to 
be determined by control experiments. The approximate 
dose to the organism can be calculated for work with auto- 
radiographs if sufficient data are available (Pelc, 1951). 

The lowest doses (in rep) given by amounts of the tracer, 
which would produce autoradiographs, are shown in Table I. 
These were computed by making simplified assumptions, and 
they may serve as a rough guide. Experimental work has 


TABLE |. MINIMUM DOSES IN RONTGEN-EQUIVA- 
LENT-PHYSICAL (REP) TO OBTAIN AUTORADIO- 
GRAPHS 


| 


131} 32p 


x Ray 0.4 | 0.7 | 0.02 | 0.02 || 2.5 





Stripping | 18 | 28 | 07 | 07 


100 eal 35 


* For work in which the organism is killed 24 hours after the application of 
radioactive tracer 
t. For work in which the tracer is left to decay in the organism 
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shown that the actual doses delivered may be as low as one- 
tenth of the calculated values. 


B. APPLICATIONS OF THE STRIPPING-FILM 
TECHNIQUE TO THE STUDY OF NUCLEAR 
METABOLISM 


The broad aim of the work described here has been to study 
metabolic processes within cells which are especially related 
to cell division, and the influence of ionizing radiations on 
these processes. It can be assumed that a cell which is to 
produce viable daughter cells must transmit to each a com- 
plete, or nearly complete, complement of genetic material; 
therefore synthesis of new chromosome material must 
accompany each cell division. Chromosomes are largely, if 
not completely, composed of nucleic acid, especially deoxy- 
ribonucleic acid (DNA) and protein. Thus it is in the synthesis 
of these classes of compounds that we may first look for steps 
which are essential to cell division. 

The classical methods of cytochemical analysis with regard 
to these compounds (staining, ultra-violet absorption and 
biochemical analysis of tissues) have already yielded much 
information. Each, however, has its peculiar limitations. 
The method of autoradiography, when used cytochemically, 
and particularly in conjunction with one or more of the older 
methods, offers certain new possibilities. Its chief advantage 
lies in the ability to observe synthesis of new material in 
individual cells, a possibility not open to other methods. 
Furthermore, the autoradiograph can be used quantitatively 
with some precision, since the number of developed grains 
bears a definite relationship to the amount of decayed radio- 
active material. 


3. Labelling of DNA with **P During Synthesis 


If **P is made available to a cell at a time when it is syn- 
thesizing DNA, the newly formed DNA incorporates **P 
and its activity can be detected in an autoradiograph. It can 
be shown that DNA already existing in cells before treatment 
does not incorporate radioactive material; i.e., there is 
negligible exchange of **P for stable phosphorus in the formed 
DNA molecule. By offering **P to dividing and differentiating 
cells for various periods of time, and by washing out, after 
fixation, all phosphorus compounds except DNA, it is possible 
to determine the time of DNA synthesis in the cell-cycle, the 
relation of synthesis to differentiation, and the effect on syn- 
thesis of such external agents as x radiation. 

A series of experiments based on this method has been 
carried out (Howard & Pelc, 195la, 1951b, 1951c), using the 
growing root of the broad bean (Vicia faba). This tissue was 
chosen as experimental material because the rapidly dividing 
meristematic cells are confined to 2-3 mm. in the tip of the 
root, while above this level the cells of the cortex differentiate 
(i.e., elongate) without further division. A further advantage 
of the material was that its response to irradiation had 
already been widely investigated, and the average duration of 
the mitotic cycle in meristematic cells had been calculated 
(Gray & Scholes, 1951). 

The experimental procedure was to add **P in inorganic 
compounds to the water in which bean roots were growing, 
and to fix the roots after periods of time ranging from 2 to 
48 hours. The tissue was then extracted with 1 N-HCI at 
60° C. for 10 minutes, and preparations, made by squashing 


the roots, were autoradiographed. The unstained cells were 
examined by phase contrast. After this method of treatment, 
autoradiograph appears over the nuclei of some cells (Plate I, 
figs. A, B). If the tissue is treated with deoxyribonuclease 
before the film is put on, nuclear autoradiograph fails to 
appear. We therefore conclude that the presence of nuclear 
autoradiograph is due to DNA synthesis during the period 
of *?P treatment. 

By counting the percentage of non-dividing and dividing 
nuclei which show autoradiograph in relation to the time of 
treatment, the distance of the cell from the tip of the root, and 
the length of the cell (i.e., its degree of differentiation), it was 
possible to make the following deductions. 

i. A cell which is preparing to divide synthesizes DNA 
during interphase. Synthesis ends 6-8 hours before the 
beginning of visible prophase, and does not occur during the 
division itself. 

ii. A cell which has completed its last mitosis and will 
differentiate does not synthesize DNA. 

iii. A cell which is differentiating contains DNA which was 
synthesized by its parent cell before division. 


4. Effect of x Radiation on DNA Synthesis 


Bean roots were given 13 x 10* ergs/g. of x rays (= 140r.; 
LD; 9= approximately 180 r.) and the DNA synthesis was 
compared with that of unirradiated controls. In a preliminary 
experiment this radiation dose reduced the number of cells 
which synthesized DNA in 24 hours to about one-third of 
the control value, and also reduced the amount synthesized 
by those cells which were not completely inhibited. More 
extensive experiments are in progress to determine the relation 
of inhibition of synthesis to delay in the mitotic cycle, and to 
examine the rate of recovery. 


5. Labelling of Sulphur Protein with *°S 


If bean roots are given *°S for a period of some hours before 
fixation, autoradiograph appears, after hot HCl extraction, 
above cytoplasm, and above the nuclei of some cells (Plate II, 
figs. C, D). The compounds in which *°S is present in these 
cells are not precisely known, but there is reason to believe 
that they are sulphur-containing proteins. The percentage of 
nuclei which shows autoradiograph after 20 hours in *5§S is 
similar to that which has synthesized DNA during the same 
period, a fact which suggests that the *°S may be present in 
the proteins to which DNA is attached and which are built up 
at the same time. These sulphur compounds are at least in 
part in the chromosomes. Isolated chromosomes which have 
been squashed out of their cells and are lying free on the slide 
show individual autoradiographs (Plate II, figs. E, F). It is 
clear on inspection of such chromosomes that they differ in 
the amount and distribution of autoradiograph appearing 
above them; and the individual nature of particular regions 
of the chromosome complement becomes apparent if a specific 
chromosome pair is examined. Vicia faba has five pairs of 
short chromosomes, and one pair of long chromosomes known 
as the M pair. These M chromosomes are readily distin- 
guished from the others by their greater length, their median 
centromeres, and the presence in one arm of a nucleolar 
organizing region which appears as a constriction during 
division. If the number of photographic grains appearing 
over the chromosome, and within 1 wu. on either side of it, are 
counted for nine successive regions along the length of the 
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FIG. 1. DISTRIBUTION OF **S ALONG THE 
M CHROMOSOME OF VICIA FABA 
r--4 
le 


NUCLEOLAR CENTRO=- 
CONSTRICTION MERE 


Number of grains counted above M chromosome. Mean of 8 
chromosomes at late prophase, metaphase and anaphase. (The 
standard errors indicated by the interrupted lines are based on the 
vumber of counted grains per sector.) 


chromosome, it is found (fig. 1) that there is a significantly 
greater number of developed grains over the non-constricted 
arm, and over the end of the constricted arm, than over the 
rest of the chromosome. This pattern of autoradiograph is 
present in every M chromosome examined. It suggests that 
parts of this chromosome differ either in the amount of 
sulphur-containing protein, or in the kind of protein, which 
they contain. These differences are apparently not related to 
the known structural differences along the chromosome, i.e., 
the centromere, the secondary constriction, or the hetero- 
chromatic regions. They might be supposed ultimately to be 
genic in origin. It would be of considerable value for an 
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understanding of the genic control of cells to examine by this 
method the metabolism of particular chromosome regions 
under various conditions of differentiation of the cell. The 
resolving power of the autoradiograph with *°S and other 
soft 8 emitters (e.g. '“C) is about 1—1.5 u. with very thin speci- 
mens. This puts it well within the dimensions of at least the 
larger chromosomes of some plants and animals. 


6. Radiation Effects on Mitosis 


A dose of x rays (13 x 10° ergs/g.) which causes a two- 
thirds drop in the number of cells which synthesize DNA 
during 24 hours has no apparent effect on the uptake of **S 
during the same period. This suggests that while DNA 
synthesis is a radiosensitive process, as has already been 
shown for mammalian tissues by Hevesy (cf. Hevesy, 1948), 
protein synthesis of the kind observed here may be much less 
radiosensitive. The chromosome must synthesize both classes 
of compound, and it is possible that the state of unbalance 
arising through failure of one may be a cause of the chromo- 
some disturbances which result from x radiation. Further- 
more, it seems likely that the cell would be less well able to 
recover if both synthetic processes could be damaged. 
Experiments are now under way to explore these possibilities. 

It is clear that, since DNA synthesis in Vicia faba roots is 
confined to a part of the interphase, the radiosensitivity of the 
cell in this respect is likely to vary during the cell-cycle, and 
that irradiation at any one time will affect only a proportion 
of cells. It seems probable that protein synthesis of chromo- 
somes is also confined to a part of the cell-cycle. Treatment 
aimed to render the cell incapable of mitosis will clearly be 
more effective if these factors are taken into account. The 
design of such treatment will depend upon the time of the 
mitotic cycle and the rate of recovery of cells. It is hoped that 
if the basic pattern can be established by the methods described 
here for a relatively simple tissue such as the normal root 
meristem, it will be found possible to extend the knowledge 
thus gained to the problem of malignancy. 
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In the study of metabolic processes with the aid of radioactive 
isotopes two considerations are of outstanding importance: 
(i) that the labelled material shall be introduced into the 
system in an amount which will not disturb its normal meta- 
bolism, and (ii) that the system which is being investigated 
shall be in a “* steady state ’’, so that the rate of synthesis of its 
components is balanced by the rate of their disappearance. 
The radioactive isotope of iodine, '*'I, can be obtained vir- 
tually carrier-free and is therefore particularly suitable for 
the investigation of thyroid function, which entails the 
specific utilization of this element. Further, the iodine 
metabolism of the normal thyroid gland is probably in a 
steady state for short periods of time; this has been shown to 
be true at least in the rat (Dougherty, Gross & Leblond, 1951). 

Much of the literature in this field has already been ade- 
quately reviewed (see Leblond, 1948; Conference on Thyroid 
Function, 1949; Raben & Astwood, 1949; Roche & Michel, 
1951); the purpose of this review is to compare the more 
recent results obtained with radioactive iodine with the 
previous knowledge of the formation and fate of the thyroid 
hormone. 


1. Nature of the Thyroid Hormone 


Kendall’s discovery in 1915 of thyroxine, and its characteri- 
zation and synthesis by Harington (1926; Harington & 
Barger, 1927), established the fact that it is an essential con- 
stituent of the thyroid hormone, but the nature of the 
circulating hormone has for a long time been a matter for 
speculation and discussion (Salter, 1949). The work of 
Lerman (1940) showed that thyroglobulin itself (i.e., the 
thyroxine-containing protein of the thyroid) was not normally 
present in the circulation. At about the same time, Trevorrow 
(1939) showed that thyroxine which had been added to plasma 
behaved like the natural organic iodine in the blood; it was 
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precipitated with the plasma proteins; it was not dialyzable 
and it was extractable with butanol, without preliminary 
hydrolysis of the proteins. The advent of radioiodine allowed 
a more exact identification of the plasma hormone; this was 
first carried out by Taurog & Chaikoff (1948), who applied 
the methods of Trevorrow to plasma from animals previously 
injected with radioiodine. They also showed that, after the 
addition of crystalline thyroxine to the plasma of animals 
injected with **"J, the radioactivity followed the carrier- 
substance, which could be recrystallized to a constant specific 
activity. This was subsequently confirmed by Leblond & 
Gross (1949). The application of paper partition chromato- 
graphy to the analysis of plasma iodine of animals (Laidlaw, 
1949; Taurog, Chaikoff & Tong, 1950; Gross et al. 1950) 
indicated that the greatest portion of the plasma iodine moved 
to the same position on the chromatograms as thyroxine 
(Plate III, fig. G); the presence of thyroxine in human plasma 
has recently been detected (Rall, 1950; Rosenberg, 1951; 
Gross & Pitt-Rivers, 1951). 

In addition to thyroxine another iodine-containing substance 
has been demonstrated in the plasma of rodents (Plate III, 
fig. G) (Gross & Leblond, 195la, 1951b) and of humans 
(Gross & Pitt-Rivers, 1951). From previous experience with 
diphenyl ethers, phenolic acids and similar compounds, its 
position on two-dimensional chromatograms suggested that 
this substance would contain the diphenyl ether residue, and a 
number of derivatives of thyroxine were prepared, among 
them 3: 5: 3’-L-triiodothyronine; the unknown compound 
corresponds with this amino-acid on two-dimensional 
chromatograms with three different solvents and on a 
kieselguhr column with a fourth solvent system (Gross & 
Pitt-Rivers, 1952a). In these experiments iodide has also 
been found in plasma, but all attempts to detect either 
mono- or diiodotyrosine have failed. This suggests that these 
two amino-acids which are present in the thyroid do not pass 
into the circulation, and the diiodotyrosine-like fraction of 
plasma iodine previously reported may have been an artifact 
of the fractionation procedure. The evidence available at 
present shows clearly that the organic iodine in blood consists 
principally of thyroxine, with smaller amounts of at least one 
other compound, probably triiodothyronine. The physio- 
logical significance of thyroxine in plasma is evident; specula- 
tions as to the significance of any other compounds will be 
discussed in section 3 below. 

When thyroxine is added to plasma it is no longer dialyzable, 
and precipitates with the plasma proteins (see above); it is 
evident that a thyroxine-protein combination has occurred. 
This is supported by the finding that labelled thyroxine, when 
added to plasma proteins, migrates on paper, in the presence 
of aqueous buffers, in a manner identical with that of labelled 
plasma from animals which have been given radioiodine. 
Thyroxine alone, however, does not show any movement 
under the same conditions (Gross et al. 1950). Iodine determi- 
nations on the Cohn fractions of plasma have indicated that 
most of the plasma iodine is present in a fraction containing 
predominantly albumin (Fraction V), while the highest 
concentrations are found in fractions consisting mostly of 
«-globulin (Fraction [V-2) (Salter, 1949), and (Fraction IV-1) 
(Taurog & Chaikoff, 1948). Similar results were obtained 
when a combination of thyroxine with these Cohn fractions was 
run on paper, as described above (Gross et al. unpublished), 
and when the distribution of radioactivity in the plasma of 
patients given radioiodine was determined by electrophoretic 
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fractionation in the Tiselius apparatus (Silver & Reiner, 1950), 
from which it appeared that the plasma iodine was not 
restricted to a single plasma protein fraction. 

However, on re-examining the problem with the aid of 
paper electrophoresis (Plate III, fig. H) (Gordon er al. 1952), 
it could be demonstrated that in human plasma the 
organic iodine concentrates in a fraction with a mobility 
similar to that of «,-globulin; further, when labelled thyroxine 
was added to normal plasma, the radioactivity was found 
to be associated with the same protein fraction. There 
appear to be two factors which could explain the results 
previously obtained: (i) that the fractions were not homo- 
geneous and contained varying amounts of the serum proteins, 
and (ii) that some iodide is bound to albumin; that this is 
so has been shown by Gordon et al. (1952) and might ac- 
count for the presence of iodine in Fraction V. 

It is highly likely that there is a specific thyroxine-binding 
protein in plasma and that thyroxine circulates in the blood 
in combination with it; it appears to be «,-globulin or a very 
similar protein. The nature of this combination is not yet 
clear but it is sufficiently loose to be broken during butanol 
extraction. The manner in which the other organically bound 
iodine compound circulates also remains to be examined. 


2. Biosynthesis of Thyroid Hormone from Iodide 
a. Concentration of Iodide by Thyroid Tissue 


It was well established, long before radioactive isotopes were 
available, that the thyroid gland can concentrate iodide from 
the circulation, and this function of the thyroid has been 
recently reviewed by Harington (1951). The ratio, thyroid 
iodide to plasma iodide, has been given as between 25: 1 
(VanderLaan & Greer, 1950) and 500:1 (Taurog, Tong & 
Chaikoff, 1951). Since the degree of this concentration is 
dependent on the rate of secretion of thyrotrophic hormone 
from the pituitary gland (VanderLaan & Greer, 1950), it is 
likely that this wide range of concentration ratio is due to 
differences in hypophyseal activity of the animals used by the 
respective authors. From the earlier evidence, reviewed by 
Raben & Astwood (1949), the following facts are clear: 
(i) the iodide-concentrating mechanism is controlled by the 
pituitary secretion of thyrotrophin; (ii) it is inhibited in the 
intact animal by the ingestion of thiocyanate; (iii) it is not 
affected by antithyroid drugs such as the thiocarbamides. 

The nature of this mechanism is quite obscure at the 
present time. It has been suggested, from evidence on the 
metabolism by the thyroid of thiocyanate labelled with radio- 
active sulphur, that iodide concentration is due to a reversible 
substrate-enzyme combination and that thiocyanate is a speci- 
fic metabolic antagonist to iodide in this system (Wood & 
Williams, 1949). Wood could not, however, demonstrate 
a concentration of thiocyanate in the thyroid even when the 
thiocyanate was injected in very small amounts (Wood & 
Kingsland, 1950). This would seem to exclude thiocyanate 
as a competitive antagonist and indicates that it may poison 
the enzyme system responsible for iodide concentration, if 
indeed such a system exists. The fact that excess of iodide is 
able to overcome the thiocyanate effect is probably due to the 
fact (suggested by Astwood, 1949) that “‘ iodide in adequate 
quantities might reach the gland by simple diffusion and thus 
hormone synthesis could proceed ”’. 

The possible existence of a thyroid protein with a specific 
affinity for iodide ions has been suggested by Means (1951) on 
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the basis of in vitro work by Wyngaarden, Stanbury and Du 
Toit. Although the paper by these authors is not yet available, 
details of their experiments as quoted by Means would 
indicate that homogenates of rat thyroid are capable of concen- 
trating iodide across a cellophan membrane until a limiting 
concentration of iodine per unit weight of thyroid protein is 
reached; further, the iodine in the homogenate is identifiable 
chromatographically as iodide and is quantitatively precipi- 
table with trichloroacetic acid or zinc hydroxide; the con- 
centration of iodide is preventable but not reversible by 
thiocyanate. It is difficult to reconcile these results with 
previous findings, namely, that almost all the iodine in the 
thyroid glands of rats treated with propyl thiouracil (chroma- 
tographically identified as iodide by Taurog ,Tong & Chaikoff, 
1951) can be removed by dialysis and is not precipitable with 
trichloroacetic acid (Taurog, Chaikoff & Feller, 1947) or zinc 
hydroxide (McGinty & Sharp, 1946). It is of course possible 
that different conditions may have been used by Wyngaarden 
and his colleagues, but an explanation of this apparent contra- 
diction must await their report; further work is necessary 
before it can be decided whether the iodide-concentrating 
mechanism is due to a specific iodide-binding protein, or to a 
specific enzyme, or to both. 


b. Incorporation and Metabolism of Iodine in Thyroglobulin 


The iodine entering the thyroid gland is rapidly incorporated 
into the thyroid protein thyroglobulin. Thus, in rats with 
hyperactive thyroids, about 95 % of the thyroidal radioiodine 
is precipitable with half-saturated ammonium sulphate as early 
as two minutes after the intravenous injection of tracer amounts 
of Na*!I. With the aid of autoradiography (Plate IV, fig. J) 
this iodination process can be shown to occur in the apex of 
the thyroid cell; the newly-iodinated protein is rapidly 
secreted into the colloid which fills the lumen of the follicle 
(Leblond & Gross, 1948). Roche, Michel and their co-workers 
(see review by Roche & Michel, 1951) have studied pure 
preparations of thyroglobulin from several species of animal 
and have found that the degree of iodination of the protein 
does not affect its solubility or its electrophoretic homogeneity. 
They conclude from this that the protein is first synthesized 
and then iodinated, the two processes being independent in the 
biosynthesis of thyroglobulin. 

In the early work on thyroglobulin, the iodine was largely 
accounted for by thyroxine and diiodotyrosine (see Harington, 
1951), but recent work with the aid of isotopes and chromato- 
graphic techniques has made detectable compounds such as 
monoiodotyrosine (Fink & Fink, 1948; Tishkoff et al. 1949), 
which are present in much smaller amounts; it has been 
claimed by Taurog, Tong & Chaikoff (1950) that mono- 
iodotyrosine represents as much as 15% of the thyroglobulin 
iodine. The possibility that this amino-acid might be derived 
from diiodotyrosine during alkaline hydrolysis (Roche, 
Jutisz, Lissitzky & Michel, 1951) has been eliminated by 
the following considerations: firstly, monoiodotyrosine can 
be detected in enzymic digests of labelled thyroid tissue 
(Roche, Deltour, Lissitzky & Michel, 1950); secondly, soon 
(10 minutes) after the administration of radioactive iodine the 
specific activity of the monoiodotyrosine exceeds that of the 
diiodotyrosine in the thyroglobulin, the two specific activities 
subsequently becoming approximately equal (Taurog, Tong 
& Chaikoff, 1950). Roche, Lissitzky & Michel (1951) have 
also reported the presence of monoiodohistidine and di- 
iodothyronine in tryptic digests of rat thyroid; however, 
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Taurog, Tong & Chaikoff (1950) have failed to demonstrate 
diiodothyronine among the products of alkaline hydrolysis of 
thyroid tissue. Unpublished chromatographic analyses both of 
tryptic digests and of butanol extracts of thyroid gland lead 
the present authors to believe that the compound (probably 
unknown | in Plate III, fig. Gb) identified by Roche and his 
co-workers as diiodothyronine may be 3: 5: 3’-triiodothyro- 
nine (see also Gross et al. 1950); further work on this identifi- 
cation is being carried out. In addition to this compound, 
the presence of several other radioactive products is revealed 
by chromatograms of the thyroid hydrolysates; their identity 
is unknown and at present it cannot even be surmised whether 
they are true products from the thyroid tissue or artifacts 
of the hydrolytic procedure. 

The biogenesis of thyroxine in thyroglobulin was first 
suggested by Harington & Barger (1927) to result from the 
coupling of two molecules of diiodotyrosine with the loss of 
one 3-carbon side-chain. This hypothesis received some 
support from the data of Perlman, Morton & Chaikoff 
(1941) and was proved correct by the direct experimental 
evidence of Mann, Leblond & Warren (1942) and confirmed 
by that of Taurog & Chaikoff (1947). These investigators 
showed that, soon after the administration of radioactive 
iodide, the radioactivity is greatest in the diiodotyrosine of 
thyroglobulin, and as time goes on the concentration of 
radioactivity (i.e., specific activity) rises in the thyroxine 
fraction. The “* diiodotyrosine ”’ fractions in these experiments 
probably contained monoiodotyrosine and, as we have seen 
above, the specific activity relationship between mono- 
iodotyrosine and diiodotyrosine is similar to that between 
diiodotyrosine and thyroxine; hence the scheme for the 


biogenesis of the thyroxine molecule in thyroglobulin can be 
written as follows: 


iodide 


. ——» monoiodotyrosine ——> diiodotyrosine 
+ tyrosine 


2 diiodotyrosine ——> thyroxine. 


The mechanism of the iodination of the tyrosine molecule 
is not yet clear. It is likely that the iodinating agent is iodine 
itself, though it may be hypoiodite; either could be formed 
from iodide by the action of the thyroid peroxidase first 
postulated by Dempsey (1949), though no such enzyme has 
yet been clearly demonstrated. Iodine itself has been found in 
n-butanol extracts of labelled thyroid tissue (Gross & Leblond, 
1951b), but the possibility that it is an artifact of the experi- 
mental procedure cannot be ruled out. 

Li’s work (1942) on the kinetics of the iodination of tyrosine 
in phosphate buffers has led Raben & Astwood (1949) to 
question the possible existence of appreciable amounts of 
monoiodotyrosine in a reaction mixture which will give 
diiodotyrosine; however, Roche, Lissitzky, Michel & Michel 
(1951) have shown that during the iodination of tyrosine the 
formation of monoiodotyrosine is independent of that of 
diiodotyrosine, and Pitt-Rivers has found (unpublished) that 
monoiodotyrosine can be obtained in moderate yield by 
partial iodination of tyrosine in solution in ammonia. The 
coupling of diiodotyrosine molecules to give thyroxine in 
vitro has been shown by Pitt-Rivers (1948) to occur with 
great ease under biological conditions of temperature and 
hydrogen ion concentration when the diiodotyrosine is bound 
in peptide linkage. These findings, together with in vivo 
experimental data which will be discussed later, provide 


support for the hypothesis that thyroxine synthesis occurs in 
the protein itself, and not between diiodotyrosine molecules 
which would then be re-incorporated into thyroglobulin. 


c. Release of Thyroid Hormone from Thyroglobulin and its 
Secretion into the Circulation 


Thyroglobulin contains the greater part of the thyroidal 
iodine but does not appear in the circulation; attempts have 
therefore been made (Leblond & Gross, 1949) to detect other 
iodine-containing compounds in thyroid tissue. Thyroids of 
rats to whom radioiodine had previously been administered 
were extracted with z-butanol without any preliminary 
hydrolysis; a considerable portion of the radioactivity in the 
extract was found to behave like thyroxine on isotope dilution. 
The presence of free thyroxine in these extracts was later more 
clearly demonstrated by paper partition chromatography 
(Gross et al. 1950; Gross & Leblond, 1951b; Tong, Taurog & 
Chaikoff, 1951). This free thyroxine appears to be the im- 
mediate precursor of the plasma thyroxine, since examination 
of both fractions at various times after the administration of 
radioiodide indicates that the specific activity of the free 
thyroxine is at first relatively higher in thyroid than in the 
plasma and later is approximately equal to it (Gross & 
Leblond, 1951b). Further, there is a considerable concentra- 
tion gradient for thyroxine between thyroid gland and circula- 
tion (Leblond & Gross, 1949), which in the rat has been found 
to be over 100: 1 (Gross & Leblond, 1951b; Tong et al. 1951). 
In addition to thyroxine, these thyroid extracts contain 
monoiodotyrosine and diiodotyrosine (Tishkoff et al. 1949; 
Gross et al. 1950; Roche, Deltour, Lissitzky & Michel, 
1950; Gross & Leblond, 1951a; Tong et al. 1951) as well as at 
least two other iodine-containing compounds (Gross et al. 
1950; Gross & Leblond, 1951b); of these, one has been 
tentatively identified as 3: 5: 3’-triiodothyronine (see above) 
and furthermore this compound has been found (together 
with thyroxine) in plasma. Whether the plasma triiodothyro- 
nine comes from the thyroid or whether it is formed by the 
deiodination of thyroxine in the peripheral tissues remains to be 
investigated. The failure to detect diiodotyrosine and mono- 
iodotyrosine in the plasma at a time when they are present with 
a high specific activity in the thyroid may be due to their being 
deiodinated by the thyroid cells. That this is so is indicated 
by the finding that thyroid slices in vitro deiodinate monoiodo- 
tyrosine and diiodotyrosine without having any appreciable 
effect on thyroxine (Roche, Michel, Michel & Lissitzky, 1951); 
the iodide so liberated is re-incorporated into thyroglobulin 
(Roche, Michel, Lissitzky & Michel, 1951). The alternative 
possibility, that these two iodoamino-acids are very rapidly 
removed from the circulation after secretion from the thyroid 
is ruled out by the fact that after the administration of small 
amounts of labelled diiodotyrosine or thyroxine to rats, the 
rate of fall of the plasma radioactivity is about the same for 
both substances (Johnson & Albert, 1951, see Table I). 
Mono- and diiodotyrosine and thyroxine probably occur in 
the thyroid as the free amino-acids through the proteolytic 
break-down of thyroglobulin; extracts of thyroid tissue in- 
cubated with thyroglobulin in vitro liberate all three (Roche, 
Deltour, Michel & Lissitzky, 1950). That free thyroxine at 
least is derived from thyroglobulin is supported by two 
findings: firstly, after the administration of radioactive 
iodide, newly labelled thyroglobulin is formed and rapidly 
mixed with the pre-existing thyroglobulin in the colloid before 
any radioactivity is found in the hormonal iodine of the 


Brit. med. Bull. 1952 





STUDY OF THYROID METABOLISM WITH #*4I J. Gross & Rosalind Pitt-Rivers 


plasma (Leblond & Gross, 1948); secondly, the specific 
activity of free thyroxine is less than that of the thyroxine 
groups in thyroglobulin as early as three hours after ad- 
ministration of !*"I (Tong et al. 1951). 


3. Metabolism of the Thyroid Hormone 


Because of the very small amounts of thyroxine normally 
oresent in the body, it has been almost impossible to investi- 
zate its metabolism by ordinary chemical methods; even with 
thyroxine containing radioactive iodine it has been difficult 
to use truly “tracer” doses, that is doses which are small 
enough not to disturb normal thyroxine metabolism, but 
possessing sufficient radioactivity to be easily traced in the 
body. When the literature is being examined, the physiological 
metabolism of thyroxine must be distinguished from the meta- 
bolism of abnormal amounts of thyroxine introduced into the 
body. 

When thyroxine is added to plasma proteins in vitro, it 
combines with the same protein fraction as does the thyroxine 
secreted from the thyroid gland in vivo (see above); it is 
therefore reasonable to assume that thyroxine injected into 
an animal will combine in a similar manner with the same 
plasma protein fraction. In a comparison between the distri- 
bution of endogenously and exogenously labelled thyroxine, 
Gross & Leblond (1950, 1951a) found no obvious differences, 
and therefore the fate of tracer doses of labelled thyroxine in 
the animal will probably represent the normal metabolism of 
thyroxine. 

After the administration of radioactive thyroxine, the 
radioactivity is found almost entirely in the plasma, only 
small amounts being present in the red blood-cells (Gross & 
Leblond, 1950; Myant & Pochin, 1950); this finding might 
indeed have been expected from the data already quoted on 
the nature of the circulating thyroid hormone. 

The radioactivity disappears rapidly from the plasma of the 
dog (Taurog, Chaikoff & Entenman, 1947), rat (Gross & 
Leblond, 1950), cat (Clayton et al. 1950) and mouse (Gross & 
Schwartz, 1951), but somewhat more slowly in man (Myant 
& Pochin, 1950); it has been shown that it is removed from 
the circulation by the liver (Courrier et al. 1949; Gross & 
Leblond, 1950; Clayton et al. 1950; Myant & Pochin, 1950; 
Gross & Schwartz, 1951) and secreted into the bile (Clayton 
et al. 1950) which it accompanies into the small intestine. From 
the intestine a part of the thyroxine is reabsorbed into the 
blood (Clayton et al. 1950; Myant & Pochin, 1950) and a part 
is excreted into the faeces (Gross & Leblond, 1950; Clayton 
et al. 1950; Myant & Pochin, 1950; Gross & Leblond, 
1951b; Gross & Schwartz, 1951). 

Under these conditions there is also some concentration of 
radioactivity in the kidney (Courrier et al. 1949; Gross & 
Leblond, 1950; Clayton et al. 1950; Gross & Schwartz, 1951) 
and (in some species) in the neurohypophyses and adjacent 
nervous tissue (see below). None of the other organs investi- 
gated has shown a concentration of total radioactivity greater 
than that of the plasma, but in some instances the rate of 
disappearance of the radioactivity and its fractionation by 
n-butanol is different from that occurring in the circulation 
(Gross & Leblond, 1950; Gross & Schwartz, 1951). This 
suggests that some metabolism of thyroxine takes place in 
these organs and that their content of radioactivity is not 


simply due to diffusion from the plasma into the extracellular 
fluid. 
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After the administration of radioactive thyroxine, significant 
concentrations of radioactivity have been found in the 
pituitary gland of the rabbit (Courrier et al. 1949; Harper & 
Mattis, 1950). This radioactivity has been shown to be present 
as thyroxine and has been localized exactly in the posterior 
lobe (Courrier ef al. 1951) as well as in the tuber cinereum of 
the hypothalamus (Harper & Mattis, 1950, 1951). A similar 
distribution in the rabbit has also been shown after the 
administration of rather large (non-tracer) doses of radio- 
thyroxine (Jensen & Clark, 1951). Of the other species studied, 
only the monkey and perhaps the cock show a similar con- 
centration of thyroxine in the pituitary gland (Courrier ef al. 
1951) and the phenomenon is not demonstrable in the cat, 
guinea-pig (Courrier et al. 1951), rat (Gross & Leblond, 1950; 
Courrier et al. 1951) or mouse (Gross & Schwartz, un- 
published). 

In the thyroidectomized rabbit the peak concentration of 
thyroxine in the pituitary is greater than in the normal animal 
although the rate of uptake is delayed. The tuber cinereum 
of the thyroidectomized animal, however, takes up thyroxine 
at the normal rate (Harper & Mattis, 1951). Pre-treatment 
with propyl thiouracil results in a doubtful diminution of the 
thyroxine concentration in the pituitary, soon after the 
administration of the labelled substance (Courrier et al. 1951). 
It is probable that if the peak uptake by the pituitary were 
determined in the animals treated with propyl thiouracil, 
an increased concentration might be demonstrated, as in 
the case of the thyroidectomized animals. These findings 
represent the first direct evidence on the hypothalamus- 
hypophysis-thyroid relationship (see the discussion by 
Marois, 1951). 

In the course of its metabolism, thyroxine gives rise to at 
least three iodine compounds: (i) iodide; (ii) an unidentified 
organic iodine compound occurring in the same location on 
paper chromatograms as the substance from plasma which 
has been tentatively identified as triiodothyronine—for con- 
venience it will be referred to as unknown 1; (iii) a second 
unidentified iodine-containing substance referred to as un- 
known 4 (see Plate IV, fig. K). 

The iodide derived from thyroxine is found in the gastric 
secretion (Clayton et al. 1950) and is excreted from the body 
primarily in the urine and to a lesser extent in the faeces 
(Gross & Leblond, 1950, 1951a; Clayton et al. 1950; Myant 
& Pochin, 1950; Gross & Schwartz, 1951). Only a small 
proportion of this iodide is re-utilized by the thyroid (cf. 
discussion by Myant & Pochin, 1950) and in fact most of the 
iodine incorporated into the thyroid hormone is rapidly lost 
from the body. After the administration of tracer doses of 
radioactive thyroxine, unknown | can be found in the plasma, 
liver, kidney and faeces of rodents. Unknown 4 is not detect- 
able in the plasma but is concentrated in the kidney and the 
liver in that order (Gross & Leblond, 195la). After the 
administration of rather large doses of labelled thyroxine, 
another unknown substance has recently been demonstrated 
in the bile of rats (Taurog, Briggs & Chaikoff, 1951). It is 
probable that it is the sameas unknown4. Although investiga- 
tions of these peripheral metabolites are in their early stages, 
it is likely that in the body thyroxine is deiodinated, with the 
formation of at least iodide and triiodothyronine. The sites 
of these processes appear to be primarily in the liver and 
kidney. 

In examining the fate of non-tracer doses and very large 
doses of thyroxine, the same pattern of collection by the liver 
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FIG.1. COMPARISON OF THE EXCRETION OF RADIO- 
ACTIVITY OVER THE 24-HOUR PERIOD FOLLOW- 
ING THE INJECTION OF VARIOUS DOSES OF 
RADIOTHYROXINE 
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From Gross & Leblond (1950), by permission of the 
Editor of the Journal of Biological Chemistry 


The stippled portions of the columns represent the urinary 141 
excretion; the solid black, the faecal 4°41 excretion. The area 
between the base-line and the white lines indicates the amount of 
thyroxine-like radioactivity. 


Note that with increasing dosage the rate of excretion of the 
radioactivity from the body increases, owing mainly to an increasing 
thyroxine-like fraction in the faeces 
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and excretion into the faeces via the bile and the intestines has 
been found (Gross & Leblond, 1947, 1950; Albert et al. 1949; 
Albert & Keating, 1949; Clayton et al. 1950; Scott & Stone, 
1950; Johnson & Albert, 1951; Taurog, Briggs & Chaikoff, 
1951), but, with increasing thyroxine dosage, the labelled 
substance is more rapidly cleared from the circulation because 
of a more rapid concentration by the liver from the plasma. 
This is accompanied by a more rapid loss of the radioactivity 
as thyroxine into the faeces, and a much smaller proportion 
of the injected substance is deiodinated by the body; hence 
there is a decrease in the appearance of iodide in the urine 
(Gross & Leblond, 1947, 1950; see also fig. 1). These findings 
indicate the importance of liver in maintaining the constancy 
of the thyroid hormone concentration in the body, and in 
dealing with excessive doses of thyroxine. 
7 * * 


It is apparent that radioactive iodine continues to be a most 
useful tool in the study of the metabolism of the thyroid gland 
and its hormone. Indeed, in addition to the literature quoted 
above, there is a considerable body of literature dealing with 
factors which affect the normal processes and to which we have 
made no reference because of limitations of space. Further 
investigations with radioisotopes on these lines of inquiry will 
clarify some of the aspects of thyroid physiology which are 
still obscure. 


_ Since this paper was written, it has been found that 3:5:3’-L-tri- 
iodothyronine was at least three times as active as thyroxine in pre- 
venting goitre in thiouracil-treated rats (Gross & Pitt-Rivers, 1952b) 
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1. Introduction 


Radioiodine tests are capable of giving a direct measure of 
thyroid activity and are largely free from subjective errors of 
judgement. Most of the tests in use cause little discomfort 
to the patient, and have a smaller radiation hazard than some 
common x-ray diagnostic procedures. For these reasons, 
the use of radioiodine is beginning to replace other tests in the 
diagnosis of disorders of thyroid function. However, so 
many different tests have been described that the clinician 
may have difficulty in choosing one which is suitable. In this 
review I propose first to discuss the various types of quantita- 
tive test which have been developed and then to consider their 
relative merits in diagnosis. Finally I shall mention certain 
limitations common to all radioiodine tests of thyroid function. 
It will not be possible, in the space available, to discuss the 
use of radioiodine in the localization of iodine-concentrating 
tissue. 


* Work undertaken on behalf of the Medical Research Council. 
This review complei:d for publication 14 November 1951. 
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The iodine cycle. The essential feature of all radioiodine 
tests is that they measure the rate at which some phase of the 
iodine cycle takes place. If the dose is given as radioiodide, 
it rapidly mixes with the natural iodide in the blood and other 
tissues. At the same time it is removed from the plasma by 
the thyroid and kidneys. The sharing of the dose between 
thyroid and kidneys (which may be called the initial phase of 
distribution) continues until almost the whole of the radio- 
iodide is removed. The radioiodide taken up by the thyroid 
is rapidly built into thyroxine and secreted into the plasma, 
where it circulates as protein-bound hormone. The protein- 
bound radiothyroxine then leaves the plasma to enter the 
tissues and is broken down, releasing its radioactive iodine 
atoms as radioiodide. The latter re-enter the circulation 
and are again shared between the thyroid and kidneys. In 
this cycle the thyroid plays a part in two distinct phases— 
the removal of iodide from the plasma, and the synthesis and 
secretion of thyroxine. Radioiodine tests have been based 
on the measurement of each of these phases. Tests of iodide 
removal by the thyroid, though not so relevant to the main 
disturbance in thyrotoxicosis and myxoedema, were the 
first to be developed and are still the most widely used. 


2. Tests of Radioiodine Uptake by Direct Measurement 


In principle, this type of test is a refinement of the iodine 
tolerance test first used by Sturm (1927) and developed 
clinically by Elmer (1938). The main advantage of using 
radioiodine is that measurements can be made with minute 
quantities which do not disturb the metabolism of the natural 
iodine already in the body. The uptake of radioiodide by 
the thyroid may be measured directly with a counter placed 
close to the neck, or indirectly by measuring the share of 
the dose excreted in the urine during the initial phase of 
distribution. 


a. Uptake of Radioiodine at a Standard Time 


Hamilton & Soley (1939, 1940) were the first to use 
radioiodine uptake as a test of abnormal thyroid function. 
They showed that the proportion of a tracer dose taken up 
and the rate at which it enters the thyroid are greater in 
thyrotoxic than in normal people. Later (Hamilton et al. 
1943) they showed that an uptake above normal may occur 
in hypothyroid children with goitre. Little that is funda- 
mentally new has been added to these observations, although 
the limits of normality can now be more clearly defined and 
the factors which determine the distribution of the dose are 
better understood. 

Several workers have compared the uptake of a dose after a 
standard time interval in groups of patients in whom the 
diagnosis was made before the test (Hertz, Roberts & Salter, 
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1942; Quimby & McCune, 1947; Soley & Miller, 1948; 
Myant, Pochin & Goldie, 1949b; Werner, Quimby & 
Schmidt, 1949; Goodwin et al. 1951). In some of the smaller 
series there was no overlap between the different clinical 
groups but in some of the largest series reported (Werner et 
al. 1949; Goodwin et al. 1951) there was a considerable 
degree of overlap. Most workers agree that in thyrotoxi- 
cosis the thyroid takes up more than 40% of a tracer dose by 
48 hours and that the proportion taken up tends to be cor- 
related with the severity of the illness. However, thyrotoxicosis 
cannot be excluded if uptake is less than this value, and some 
normal people may take up more than 40%. The degree 
of overlap has varied widely in different reports, probably 
because different criteria have been used in the selection of 
patients. In general, the larger the proportion of mild or 
doubtful cases in the thyrotoxic group, the greater is the 
overlap between the values in normal and thyrotoxic people. 


b. Measurement of Parameters of the Uptake Curve 

Several workers have tried to express radioiodine uptake 
in terms of some parameter of the curve of uptake. The 
half-period of the rise towards the maximum value has been 
suggested (Myant et al. 1949b) but this does not appear to be 
a very sensitive index. Oddie (1949) has derived equations 
for each phase of the iodine cycle and has pointed out that 
the time course and extent of radioiodine uptake are deter- 
mined by several independent rate constants. The values of 
these constants can be estimated from observations on the 
thyroid uptake during the first 2 or 3 days after the dose. 
Oddie & Kaye Scott (1949) have calculated the values of these 
rate constants from curves published by other workers and 
from their own observations. Their analysis suggests that 
the rate of output of radioiodine from the thyroid is a more 
useful index of thyroid function than is any measure of uptake. 

Measurement of the “accumulation gradient” of 
Astwood & Stanley (1947) is based on the assumption that 
the shape of the uptake curve during the first 2 or 3 hours 
approximates to a parabola (vy = kV x). The accumulation 
gradient is the slope of the line obtained by plotting the 
counting rate at the neck against the square root of the 
elapsed time. This measurement has been useful in the study 
of the effect of antithyroid drugs on thyroid function (Stanley 
& Astwood, 1947), but it has been disappointing as a means 
of diagnosing thyrotoxicosis. Although the accumulation 
gradient is, on the average, higher in thyrotoxic than in nor- 
mal people, individual values in thyrotoxicosis frequently 
lie within the normal range. Moreover, as the values depend 
on the position and shielding of the counter, results from 
different laboratories are not comparable. 


c. Thyroid Clearance Rate 


The crude rate of uptake and the proportion of the dose 
acquired by the thyroid must both be influenced by factors 
outside the thyroid. For example, the rate of uptake depends 
to some extent on the rate at which the dose is absorbed from 
the stomach and the rate at which it diffuses out of the plasma 
into the tissues. The proportion of the dose taken up by the 
thyroid is influenced by the activity of the kidneys, or any 
other organs which compete with the thyroid for iodide. 

We should expect, then, that a truer index of thyroid 
function would be given by the rate at which the dose is 
taken up at a given plasma concentration of radioiodide. 
It has been found that the thyroid and kidneys remove radio- 


iodide from the plasma at a rate proportional to the plasma 
concentration of radioiodide (Myant et al. 1949b). More 
conveniently, the rate of uptake may be expressed as the 
volume of plasma cleared per minute. The thyroid clearance 
rate is estimated by dividing the rate at which radioiodine 
enters the thyroid, by the plasma concentration of radio- 
iodide. In normal people the thyroid clearance rate averages 
about 20 ml./min. and in thyrotoxicosis much higher values 
have been obtained. In one series (Myant ef al. 1949b) 
there was no overlap between the values in different clinical 
groups but this may have been due to the manner in which 
the patients were selected. In other reports there was an 
appreciable degree of overlap (Keating et al. 1949; Goodwin 
et al. 1951). 

Measurement of the clearance rate is not suitable for routine 
diagnostic work because it requires frequent calibrated 
estimates of the radioiodine content of the thyroid over the 
first 2 or 3 hours. However, the test may be simplified by 
using, as a measure of plasma radioactivity, the external 
counting rate over a mass of tissue which does not concentrate 
iodine. 

Foote & Maclagan (1951) have shown that the counting 
rate measured over the thigh is correlated with the plasma 
concentration of radioiodine at 1 and 2 hours after an oral 
dose. If the rate of increase in the counting rate over the 
thyroid is divided by the counting rate at the thigh (both 
measurements being made at the time of the maximum 
counting rate over the thigh), the values so obtained show a 
high degree of correlation with the thyroid clearance rate. 
The values for the “* thigh-neck clearance ”’ depend on the 
geometric relationship between the counter and the neck or 
thigh. But, provided this is standardized, the total varia- 
bility due to anatomical differences and other factors is so 
smal] that a satisfactory correlation remains. 

A simple test based, similarly, on the correlation between 
the counting rate over the thigh and the plasma concentration 
has been developed by Pochin and co-workers (Myant & 
Pochin, 1949; Pochin, 1950; Myant ef al. 1950). In this 
test, the counting rate over the neck at 2 hours after an oral 
dose is divided by the counting rate over the thigh at the same 
time. This test has been useful in the study of day-to-day 
variations in the thyroid function of normal people (Pochin, 
unpublished) and, like Foote & Maclagan’s test (1951), has 
the advantage that not more than 10 uc. of radioiodine are 
required for a single estimation. 

A test which has certain features in common with the simpli- 
fied clearance tests has been devised by Haigh & Reiss (1950). 
Thyroid activity is expressed as a ratio I,, derived from three 
factors: the slope of the uptake curve, an index of plasma 
radioactivity, and the proportion of the dose excreted in the 
urine. A useful feature of this test is that the value of I, is 
independent of the position of the counter. Reiss and his 
colleagues have used this test extensively in the investigation of 
minor disturbances of thyroid function (Reiss et al. 1951). 


d. The Iodide “* Trap” 

Stanley and Astwood have shown that the capacity of the 
thyroid to concentrate iodide is greatly increased in thyro- 
toxicosis, and they have described a test of thyroid function 
based on this observation (Stanley & Astwood, 1948). If an 
antithyroid drug is given before the test dose, very little 
radioiodine accumulates in the thyroid of a normal person, 
but if the thyroid is hyperplastic, a large proportion of the 
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dose may be taken up and retained as iodide so long as the 
plasma radioiodide concentration remains high. The radio- 
iodide in the thyroid is rapidly discharged when potassium 
thiocyanate is given by mouth and the amount discharged 
gives a measure of the amount of radioiodide in the thyroid. 
Stanley and Astwood claim that a better distinction between 
normal and thyrotoxic patients is given by this test than by 
conventional tests of uptake. However, a suitable quantitative 
expression for the activity of the iodide “trap” was not 
given, and the test has not yet been generally adopted by other 
workers. 


3. Indirect Tests of Radioiodine Uptake by Measurement of 
Urinary Excretion 


Despite the obvious advantages of a direct measurement of 
radioiodine uptake by the thyroid, certain practical difficulties 
have led to the development of methods based on measure- 
ment of the excretion of radioiodine in the urine. In the 
majority of the tests I have described, the numerical value of 
the factor used to express thyroid function depends on the 
position of the counter in relation to the body. Differences in 
the size and position of the thyroid are such that it is difficult 
to reproduce standard conditions in different patients. In 
some of the tests, a constant position of the counter is all that 
is required, but in others, in which the counting rate over the 
neck is expressed as a fraction of the dose given, the exact 
position of the thyroid must be known and a correction 
introduced for the effect of the surrounding tissues on the 
radiations arising in the thyroid (Myant, Honour & Pochin, 
1949a). Several methods of calibration have been proposed 
(Hamilton & Soley, 1940; Hertz et al. 1942; Quimby & 
McCune, 1947; Myant et al. 1949a; Oddie & Kaye Scott, 
1949), but it is doubtful if any of them has an error of less 
than +5% of the mean. Another serious disadvantage of 
external counting methods is the low sensitivity of counting 
tubes to y radiations. 


a. Excretion of the Dose at a Standard Interval 


In all tests of radioiodine excretion it is assumed that the 
dose is shared between the thyroid and kidneys and therefore 
that the proportion excreted in the urine is inversely related 
to the proportion taken up by the thyroid. In the earliest of 
these methods the proportion of the dose excreted was 
measured at a standard interval. The proportion excreted 
by 24 hours or longer was repeatedly found to be higher in 
normal people than in those with thyrotoxicosis (Hertz et al. 
1942; Hertz & Roberts, 1942; Keating et al. 1947; Quimby 
& McCune, 1947; McArthur et al. 1948; Skanse, 1948, 
1949; Werner et al. 1949; Keating et al. 1950; Goodwin et 
al. 1951), but in nearly all the published reports there was 
overlap between the values from different clinical groups. 
Several workers have tried to define the limits of normality 
and the degree of overlap in excretion tests (Werner ef al. 
1949; Keating et al. 1950; Goodwin et al. 1951). Most 
workers agree that few normal people excrete less than 40% 
of the dose by 24 hours, but the degree of overlap found 
between the values in normal and thyrotoxic people has 
differed widely (Skanse, 1949). 

Better separation of the clinical groups may be obtained if 
the urine is collected over selected intervals after the dose 
(Marinelli, Quimby & Hine, 1948; Arnott et al. 1949; 
Mason & Oliver, 1949). 
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b. The Rate of Excretion of a Test Dose 


Keating and co-workers (1947) suggested that the rate of 
thyroid uptake of a test dose could be deduced from the time 
course of excretion in the urine, if certain assumptions were 
made. In their analysis the rate of increase in the thyroid, 
the rate of excretion in the urine, and the plasma concentra- 
tion, are assumed to decrease exponentially with the same 
rate constant, which they have termed the “ disappearance 
rate” (r). If their assumptions are true, the cumulant total 
excreted in the urine should approach an asymptote (Qy) 
exponentially with a rate constant (r), and the proportion 
taken up by the thyroid should approach an asymptote at 
(1 — Qy) with the same rate constant. The values of (r) and 
(Q;) were estimated from the urinary excretion curves, and 
the rate at which the thyroid removed the dose, given by the 
term r(l — Q;), was calculated from these values. Later, 
they compared values for the thyroid accumulation rate 
estimated in this way, with values obtained by direct measure- 
ment over the thyroid in the same group of patients (Luellen 
et al. 1949). There was good agreement between the two 
sets of values. 

Although there are several objections to this type of analysis, 
a more sensitive index of the iodine concentrating capacity of 
the thyroid should be given by the “* disappearance rate ” 
than by the proportion of the dose excreted. This is borne 
out by the values reported in a group of 30 patients with 
various disorders of thyroid function (Keating et al. 1949). 

However, Rotblat & Marcus (1952) do not agree that the 
urinary excretion curve is determined by a single exponential 
function. If the rate of excretion is plotted logarithmically 
against time, two components with widely different slopes 
may be distinguished in the first phase. The time constant 
of the second component may be used to calculate the rate of 
uptake by the thyroid by a method which, in principle, is 
similar to that used by Keating and co-workers. 


4. The Comparative Value of Different Tests of Uptake 
a. Theoretical Basis 


A test of radioiodine uptake is essentially a measure of the 
iodine concentrating activity of the thyroid. The iodide 
clearance rate is the best index of this function since it is most 
closely related to the fraction of the available iodine atoms 
which the thyroid extracts from the plasma. If the thyroid 
does not distinguish between natural and radioactive iodine, 
the iodide clearance rate at the time of a test must be equal to 
the radioiodide clearance rate. We may, therefore, take the 
radioiodide clearance rate as a standard of comparison when 
considering the theoretical basis of the other tests of uptake. 

We have seen that the thyroid and kidneys remove the dose 
from the plasma at a rate proportional to the concentration. 
This process of clearance from a common pool of fluid leads 
to certain relationships between the uptake in the thyroid and 
the excretion in the urine. Consider a simplified set of condi- 
tions in which the dose reaches instantaneous equilibrium in 
an iodide space of V litres and is removed from this space by 
the thyroid clearing g ml./min. and the kidneys clearing r 
ml./min., then: 

(1) the rates at which the amounts of radioiodine grow in 
the thyroid and urine both decrease exponentially with the 
same rate constant as the fall in the plasma concentration; 
and the rate at which the plasma concentration falls depends 
on the sum of the thyroid and renal clearance rates. The 
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relationship between the plasma concentration C and the 
time ¢ is given by the equation 


C=Cge-“ 


where Cy is the initial concentration in the iodide space and « 
: +r 

is the rate constant, which may be shown to be : V (the 

‘* disappearance rate * of Keating and co-workers); 

(2) the cumulant totals of radioiodine in the thyroid (G) and 
urine (R) approach a maximum value exponentially and the 
amounts accumulated at any time ¢ must be in the ratio of the 
two clearance rates. Therefore at infinite time, which may be 
taken to be the end of the first phase of distribution, the 


proportion of the dose in the thyroid (Gop) is rr and the 


proportion in the urine (R.) is Pp . The approach towards 
. 


the maximum value in the thyroid and urine is given by the 
equations 
g 


G=— 
g+r 


(i —e-*) 


, 
_— = —_ -at 
and R "sae" e~-“) 


9 

V 

These events may be shown graphically if values are 
assumed for each of the constants, V, g and r (fig. 1). In this 
example, V = 20 1., g = 20 ml./min., and r = 30 ml./min. 
It can be seen that the concentration falls exponentially 
towards zero at t = 00 with a half-period of 4.6 hours, and 
that the total amount measured in the thyroid and urine 
(curve d) grows towards 100% of the dose with the same half- 
period. The amounts in the thyroid and urine grow towards 
maximum values of 40% and 60% respectively, with the same 
half-period. By 24 hours all three processes are within 96% 
of completion. 

In the conditions we have assumed, the thyroid clearance 
rate could be estimated from the rate of radioiodide uptake 
in the thyroid (curve a) and the plasma concentration at the 
same time. If observations were made on the urine alone, curve 
a could be deduced since, as we have seen, the rate constant 
is the same for all the curves and Gg is equal to (100 — Ro). 
Thus, a test based on the analysis of the urinary excretion by 


where « is equal to 


Keating’s method would give the value of 3 and, if V is con- 


stant from person to person, this value will be correlated 
perfectly with the thyroid clearance rate. However, if R 
alone is measured, as in tests of the excretion by 24 or 48 
hours, the value obtained will be correlated with g only in 
so farasris constant. Ifr varies, then the correlation between 
gand R. will be subject to this variability. For example, if g 
remained unchanged, but the renal clearance rate increased to 


60 + 20 
= 75% of the dose. It has been shown (Myant et al. 1950) 
that the normal renal clearance rate varies appreciably from 
person to person, and this variability must be considerable 
if we include patients with renal disease. Therefore in a test 
in which Ro alone is measured, a high thyroid clearance rate 
could be masked by a high renal clearance rate, and we should 
not expect the test to be as sensitive an index of thyroid 


. , 60 
60 ml./min., the value of Ro would increase to ( ————— 1 % 


function as are analyses of the excretion rate or direct esti- 
mates of the thyroid clearance rate. 

We have assumed that the dose reaches instantaneous 
equilibrium in the iodide space. But if mixing with the 
natural iodide takes an appreciable time, the fall in plasma 
concentration will not be determined solely by the sum of the 
renal and thyroid clearance rates, and the urinary excretion 
curve cannot be analyzed in terms of a single exponential 
function. Now the distribution of a dose through the iodide 
space is not completed for at least 2 hours (Myant et al. 1950) 
so that the analysis of Keating and others cannot be applied to 
the excretion curve for 2 hours or more from zero time. The 
more detailed analysis of Rotblat & Marcus (1952) allows 
for this factor, and should give values which are highly 
correlated with the thyroid clearance rate. 

A further simplification has been assumed in this discussion. 
We have supposed that the discharge of radioactive hormone 
does not begin until the first phase is complete. But, if the 
thyroid begins to discharge its radioiodine before the time at 
which Roo is measured, the amount in the thyroid cannot be 
deduced from the total excreted because an appreciable 
proportion of the dose may be circulating as radioactive 


FIG. 1. RADIOIODINE CLEARANCE TEST 
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The removal of radioiodine from a space of 20 I. by the thyroid 
clearing the plasma at the rate of 20 ml./min. and the kidneys 
clearing at 30 ml./min. 

Curve a: dose in thyroid (%) 

Curve b: dose in urine (%) 

Curve c: plasma concentration 

Curve d: dose in thyroid and urine (%) 
The curves have been calculated from the equations shown in the 
figure 
Abscissae : hours after test dose of radioiodine 


Ordinates : percentage of dose (for curves a, b, d) 
percentage of initial plasma concentration (for curve c) 
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hormone. A direct estimate of the thyroid content at 24 

hours or, preferably, at the time of maximum uptake, would 

reduce this error. But if the discharge of radioiodine begins 

_ within a few hours of the dose it may be impossible to calcul- 
ate the true asymptote from the early part of the curve. 

To summarize, we should expect on theoretical grounds to 

find that: 

i. A direct estimate of the thyroid clearance rate gives the 
most sensitive index of the iodine concentrating capacity 
of the thyroid. 

i. Analysis of the time course of excretion in the urine 
may give a satisfactory index of the thyroid clearance 
rate if the analysis allows for the spread of the dose 
into the iodide space. 

iii. Measurement of the thyroid uptake at 24 hours gives a 
less sensitive index because the variability in the renal 
clearance rate is ignored. 

. Measurement of the urinary excretion at 24 hours is 
less sensitive than (iii) because the proportion of the 
dose circulating as radioactive hormone is also ignored. 


b. Choice of Uptake Tests for Diagnosis 


The results of two comparative trials support these con- 
clusions (Keating et al. 1949; Myant, unpublished observa- 
tions, 1950). But the difference in the sensitivity of direct 
and indirect tests is generally less than one might expect, 
and in two recent studies there was little difference between 
the degree of overlap when several methods were compared 
(Keating et al. 1950; Goodwin et al. 1951). In experimental 
work under carefully controlled conditions the clearance rate 
is probably the best index of iodine uptake, but in routine 
diagnosis a simpler or less direct test may be equally reliable. 
This, presumably, is because the variability due to physio- 
logical factors is minimized in the clearance test at the expense 
of increasing the errors of measurement. 

The modified clearance tests have the advantage that neither 
the dose nor the in vivo measurements need be calibrated, but 
the results of different workers are difficult to compare. The 
24-hour uptake by the thyroid has not this disadvantage, but 
errors of measurement are only a little less than those in the 
clearance test. The 24-hour urinary excretion may be more 
useful if the patient and the counter cannot be brought 
together. However, many workers are unwilling to rely on 
this test because complete collection of the urine is not always 
easy to ensure. 

In practice, the choice of a test seems usually to be guided 
by convenience and local tradition. While there do not 
appear to be any strong arguments in favour of one particular 
test, it is important that each worker should determine the 
distribution of normal values for the test he uses, in control 
subjects from his own locality. 


5. Tests of Hormone Secretion 


The essential disturbance in thyrotoxicosis is excessive 
secretion of thyroxine. Uptake tests can reflect the mean 
rate of thyroxine secretion only if the uptake of radioiodide 
bears a constant relation to the output of hormone. The 
close correlation between thyroid function, as measured by any 
of the uptake tests, and the clinical state of the patient, shows 
that this condition generally holds. However, this would 
not be so if there were rapid fluctuations in the uptake of 
iodide which were “ buffered ”’ by the iodine store in the 


gland, or if iodine could leave the thyroid in some form other 
than thyroxine. It would also cease to hold in the presence 
of a low concentration of natural iodide in the plasma if the 
thyroid maintained a normal output of hormone by increasing 
the plasma iodide clearance rate. There is evidence that 
some of these conditions do, in fact, occur and may lead to 
confusion in the diagnosis of doubtful cases. 

I have already mentioned the observation of Hamilton and 
Soley that a high uptake may be found in hypothyroid chil- 
dren. More recently, Stanbury & Hedge (1950) and Stanbury 
(1951) have described a remarkable instance of this dis- 
sociation between radioiodide uptake and hormone secretion 
in a family of goitrous cretins. The mechanism of the high 
radioiodine uptake in these patients is not understood, but 
the importance of the iodide “* trap ” in hyperplastic thyroids 
should warn us against assuming that the radioiodine taken 
up in the thyroid must necessarily leave it as thyroxine. 
Other workers have found that in the goitre of iodine defi- 
ciency the radioiodine uptake may be abnormally high, 
presumably because the iodide clearance is raised to meet the 
thyroxine requirements of the bo“y. Finally, a high radio- 
iodine uptake is sometimes found to persist in patients who 
are in remission after treatment for Graves’s disease by 
surgery, thiouracil, or radioiodine. 

A growing awareness of these anomalies has led several 
workers to search for a more direct method of measuring 
thyroxine secretion. 


a. The Output of Radioiodine from the Thyroid 


When measurements are made over the thyroid for several 
days after a test dose, it is found that the radioactivity 
usually decreases more quickly in patients with Graves’s 
disease than in normal people. The more rapid rate of 
decrease from the maximum value in Graves’s disease is 
clearly related to the high rate of secretion of hormone. 
However, this difference between normal and hyperthyroid 
people has not been used to any large extent as a test of thyroid 
function. This is chiefly owing to the practical difficulty of 
taking frequent readings over a long period, but also to 
difficulty in interpreting the results. The over-all loss of 
radioiodine from the thyroid is due to the difference between 
the amount leaving and the amount re-entering from the 
tissues. Stanley & Astwood (1947) have suggested that the 
true output rate could be measured if the re-entry from the 
tissues were blocked by thiouracil, and Pochin (1950) has 
proposed a method of calculating the re-entry rate by assum- 
ing that it bears a constant relation to the daily excretion of 
radioiodine in the urine. Oddie, in his mathematical analysis 
of the iodine cycle (Oddie, 1949), has calculated the true out- 
put rate from observations on the thyroid content of radio- 
iodine during the first 3 days after the dose. More recently, 
Oddie and Kaye Scott have compared the rates of each 
phase of the iodine cycle in patients with various disorders of 
thyroid function. In the groups of patients studied, the 
greatest differences lay in the values for the rate of secretion 
of radioactive iodine (Oddie & Kaye Scott, 1950). 

These attempts to measure the rate of secretion of thyroid 
hormone are of considerable theoretical interest, but they are 
open to the criticism that the different forms in which radio- 
iodine leaves the thyroid are not distinguished. Diagnostic 
tests based on the output of radioiodine from the thyroid 
may, for this reason, fail in just those conditions in which 
tests of uptake fail to reflect thyroid function. A measure of 
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the rate at which radioactive hormone appears in the blood- 
stream should be free from this objection. 


b. Protein-Bound Radioiodine in the Plasma 


After the rapid fall in plasma radioiodine which accom- 
panies the removal of the dose by the thyroid and kidneys, 
there is a rise in the concentration of total radioiodine in the 
plasma. This rise has been shown to be due to the reappear- 
ance of radioiodine atoms incorporated in the thyroxine 
(or protein-bound) fraction of the plasma iodine (PBI). At 
the same time, as more radioiodide is transferred to thyroid 
hormone, there is a relative increase in the radioactive PBI 
concentration in the plasma. In normal people the secondary 
rise in plasma radioactivity does not begin for 24 hours or 
more and is difficult to detect unless a large tracer dose is 
given, but in Graves’s disease the rise begins much earlier and 
reaches a higher maximum value (Myant & Pochin, 1949). 
Several workers have made use of this difference to test the 
thyroid’s secretory activity. Some have measured the plasma 
concentration of organic radioiodine at a standard time after 
the dose (Freedberg, Ureles & Hertz, 1949; Williams, Jaffé 
& Bernstein, 1949; Ansell et al. 1952). Others have 
measured the proportion of the total plasma radioiodine in 
the organic fraction at 24 hours (Clark, Moe & Adams, 1949). 
All who have used this type of test agree that hyperthyroid 
patients can usually be distinguished from the normal, but 
only one valid comparison with other tests has been reported. 
Goodwin and his colleagues (1951) have compared the 
diagnostic value of several tests in the same group of patients 
in whom the diagnosis was made independently by several 
observers. They compared the proportion of the dose taken 
up by the thyroid at the time of the maximum value and at 24 
hours, the proportion excreted by 24 hours, and the concen- 
tration of radioactive PBI in the plasma at 48 hours. The 
last of these measurements gave the best indication of the 
true clinical state of the patient. 

Pochin (1950) has discussed the factors which determine 
the maximum concentration of radioactive PBI in the plasma. 


The maximum concentration depends on the ratio 2 where 


Q is the fraction of the dose taken up by the thyroid, and T 
is the turn-over time of radiothyroxine molecules in the 
thyroid. Thus, the radioactive PBI concentration at 48 
hours is related indirectly to the turn-over time of thyroxine 
in the gland. Since the rate of secretion of thyroid hormone 
is equal to the product of the thyroxine content of the thyroid 
and the turn-over time of thyroxine, the concentration of 
radioactive PBI at 48 hours should provide a useful indication 
of the rate of hormone secretion. ; 


6. Conclusion 


In most of the patients seen in a thyroid clinic the diagnosis 
can be made from the history and physical signs. In a few 
cases of thyrotoxicosis special tests are needed either because 
the symptoms are so mild or because there are inconsistencies 
in the clinical picture. In most of these doubtful cases the 
diagnosis can be settled by a radioiodine test. Frequently, a 
single test of radioiodine uptake is sufficient, but it is better as 
a routine to make two measurements after the dose—one of 
uptake and one of the protein-bound radioiodine in the 
plasma. With two tests combined in this way a correct 


diagnosis can be made in more than 95% of all patients. If 
after two tests the diagnosis is still in doubt, different types of 
radioiodine test may be used. For example, when aberrant 
thyroid tissue or self-administered thyroxine is thought 
to be the cause of the symptoms, it is useful to confirm the low 
radioiodine uptake in the thyroid by a measurement of the 
urinary excretion and to scan over the body with a directional 
counter. But more commonly when doubt still remains, it 
is enough to follow the patient’s progress or to watch the 
response to treatment. 

While radioiodine tests have been of great value in the 
diagnosis of Graves’s disease, they have not been so useful in 
detecting minor degrees of under-activity of the thyroid. Most 
workers have found that in hypothyroid patients the 24-hour 
urinary excretion of the dose frequently lies well within the 
normal range, although others (Hamilton & Soley, 1939; 
Skanse, 1948; Arnott et al. 1949; Keating et al. 1950) have 
observed a clearer separation when the urinary excretion 
from the 24th to the 48th hour is measured. 

Keating and co-workers (1950) have shown that a direct 
measurement of the thyroid uptake at 24 hours gives a better 
clinical separation. The discrepancy between the results 
given by tests of urinary excretion and of thyroid uptake in 
their patients may be due to the presence of a large proportion 
of the dose still circulating in the tissues at the end of the first 
day. 

It is unlikely that any radioiodine test can be devised which 
will give a clear diagnosis in every doubtful case. Since 
thyrotoxicosis is due to excessive secretion of a normal 
hormone, there must be a continuous range of function from 
normal to pathological. However we define normality, the 
limit we set between normal and pathological is an arbitrary 
one and no test can tell us what this limit should be. If, as 
the clinical history usually suggests, thyrotoxicosis develops 
gradually, then in an appreciable number of cases thyroid 
function will lie close to this limit. 

Moreover, it is possible that a level of functional activity 
which is normal for one person is abnormal for another. 
This would be so if, for example, the body’s response to 
thyroxine, or the metabolic level required for optimum 
health, differed from person to person. In short, the diag- 
nostic value of any test of thyroid function must always be 
limited by biological variability. In practice, this limitation 
is not of much importance because the milder the dis- 
turbance of thyroid function, the less urgent is the need for 
treatment. 

However, radioiodine tests are limited by another factor— 
namely, their failure to measure the absolute rate of iodine 
metabolism. In an earlier part of this review, the iodine 
concentrating activity of the thyroid was defined in terms of 
the radioiodide clearance rate. This definition is valid in so 
far as the clearance rate is directly related to the fraction of 
the iodine atoms which the thyroid removes from the plasma 
at a given blood flow. Thus, the removal fraction is equal to 
the clearance rate divided by the blood flow; and the clearance 
rate is, therefore, a measure of the thyroid’s avidity for 
iodine. But it is not a direct measure of the amount of 
iodine the thyroid extracts from the blood for hormone 
synthesis, because this depends not only on the clearance 
rate but also on the concentration of iodide in the plasma. 
Now there is evidence that the clearance rate is adjusted so as 
to smooth out the effects of variations in the plasma iodide 
level. Thus, the clearance rate appears to be raised in iodine 
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deficiency and to be lowered when the iodide concentration 
rises above a critical level (Childs et al. 1950). Further, 
Stanley (1949) has shown that the hyperplastic thyroid is 
more easily inhibited than is the normal thyroid. If, there- 
fore, there are appreciable variations in the concentration of 
natural iodine in the plasma, two thyroids with the same 
plasma clearance rate may extract different amounts of 
natural iodine. A radioiodine test of uptake cannot reflect 
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Two effective forms of treatment for thyrotoxicosis are 
already available—surgery and the antithyroid drugs ; and if 
a third is to compete effectively it must be shown to have 
definite advantages. Although thyroidectomy is now very 
safe when carried out by an experienced surgeon, yet it has a 
significant mortality, and complications are by no means 
uncommon. Astwood (see Lancet, 1948) quotes Goldman, 
who noted a complication of some kind in 49% of his cases 
and obtained lasting relief in only 42%. Vander Laan & 
Swenson (1947) claim completely satisfactory results in only 
two-thirds of patients treated surgically. When congestive 
failure co-exists with thyrotoxicosis the mortality rises con- 
siderably. 

The antithyroid drugs have indeed offered not only a 
treatment alternative to thyroidectomy but have significantly 
improved the condition of patients submitted to surgery. 
They are, however, themselves not without risk, since agranu- 
locytosis may develop catastrophically and without warning. 
Other toxic effects, such as drug fever and rashes, limit their 
use, and some patients are almost completely resistant. The 
long-term results are, moreover, disappointing. Goodwin & 
Wilson (personal communication, 1951), following up 126 
cases in our clinic, found a relapse rate of 63% and Dunlop 
& Rolland (1950) reported that 53% of 200 cases were not 
cured after a single course. It seems likely that the antithyroid 
drugs merely relieve the patient of his symptoms while he cures 
himself and that if this does not happen he will revert to the 
thyrotoxic state when the drug is withdrawn. 

There would thus appear to be a definite place for a third form 
of therapy provided it can be shown to be both safe and in- 
variably effective. This we believe to be true of treatment with 
radioactive iodine, and the results obtained in many clinics in 
the USA and in a few centres in Great Britain are in favour of 


this view. It was first used in the treatment of thyrotoxicosis 
by Hertz & Roberts in 1942 and since that time many reports of 
its value have been published. Soley & Foreman (1949) have 
reviewed the subject and in the last two years many papers 
describing results in series of the order of one hundred patients 
have appeared. A British series of 30 cases has been reported 
by Blomfield et al. (1951). 

The principle underlying the therapeutic use of radioactive 
iodine is simple. Most of the administered dose is taken up 
by the thyroid gland and the more overactive the gland the 
larger is the amount retained. As the radioactive atoms decay 
they produce radiation effects analogous to those of x rays. 
It is thus possible to deliver a very high local dose of radiation 
to functioning thyroid tissue with a minimal effect on other 
organs. Since the 8 radiation, on which the greater part of 
the therapeutic activity depends, does not travel more than 
2.2 mm., there is little effect on tissues lying outside the capsule 
of the gland. 

The great advantages of radioactive iodine are its im- 
mediate safety, an absence of toxic side effects and the cer- 
tainty of complete relief if the physician is prepared to give 
repeated doses. It is therefore from the patient’s point of 
view the ideal form of treatment. A drink of an almost taste- 
less medicine gives a lasting cure. If the gland is large it will 
shrink. Exophthalmos recedes with more certainty than after 
operation and in at least as many cases as after the administra- 
tion of an antithyroid drug. There is no scarring of the neck 
and no danger of involvement of the parathyroid glands or 
laryngeal nerves. 

The only important objection to isotope therapy of thyro- 
toxicosis is the possible late development of malignant changes 
in the gland itself or in other tissues which receive relatively 
heavy irradiation. We shall deal later with this problem in 
more detail. A less important difficulty is the impossibility of 
assessing accurately the dose which will just produce the 
desired effect without producing myxoedema on the one hand 
or necessitating repeated treatment on the other. Precise 
treatment with radioactive iodine demands elaborate appara- 
tus and involves the co-operation of physicist, physician and 
radiotherapist. It can never be available except in large 
hospitals. 

Cases suitable for isotope treatment should be selected with 
these considerations in mind. Those who consider that there 
is a significant possibility of development of late carcinoma of 
the thyroid will naturally be more conservative than those who 
are less impressed by the evidence gained in animal observa- 
tions. Nevertheless, in the present state of our knowledge it 
seems better to limit this form of treatment to patients with 
less than 20 years’ expectation of life. Thus all patients over 
the age of 50 will qualify and many younger persons, such as 
those with associated cardiovascular disease, will fall into 
this category. The presence of a large gland or of pressure 
symptoms does not necessarily contra-indicate isotope treat- 
ment, since the gland always diminishes in size. Almost all 
patients who have relapsed after a previous thyroidectomy 
should be treated with radioactive iodine, since relapses after 
a second operation are common, and damage to the para- 
thyroid glands and vocal paralysis tend to occur with especial 
frequency in such cases. 

Unsuitable cases for treatment with radioactive iodine are 
those who are young and especially those who develop 
classical Graves’s disease with an acute onset. If such patients 
are not cured by a full course with an antithyroid drug, 
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surgery should be considered and isotope therapy should be 
used only if operation is refused or if for any reason it would 
be unduly hazardous. Pregnancy is an absolute contra- 
indication. Opinions differ as to the desirability of using 
radioactive iodine in toxic nodular goitre. Admittedly these 
patients are usually of a suitable age but the dose required in 
nodular goitre is often large and the body tissues are sub- 
jected to relatively high radiation from circulating radioactive 
thyroxine. It may be preferable to give repeated small doses 
of the isotope, instead of a single large one, to such patients. 


1. Therapeutic Dose of Radioiodine 


The choice of a suitable dose is a matter upon which there 
is not a uniform opinion. The factors which govern the actual 
dose, in equivalent réntgens (e.r.), which the gland receives, 
are as follows: 

i. The number of millicuries of radioiodine in the drink. 
ii. The fraction thereof taken up by the gland. 
iii. The rate of elimination of the iodine from the gland. 
iv. The size of the gland. 


In addition there must be taken into account the complex 
distribution of the iodine, which may be more patchy in one 
case than in another, and there is a variability in radio- 
sensitivity which may to some extent depend upon this. Some 
workers take into account only the estimated mass of the 
gland. Myant (personal communication, 1951) at University 
College Hospital, London, gives 5 mc. for glands of 50-100 g., 
estimated weight, and 1 mc./20 g. above this, but he takes 
into account other considerations, such as age and urgency. 
Abbatt & Fraser (personal communication, 1951) at Hammer- 
smith Hospital, London, aim at a therapeutic dose of 100- 
200 uc./g. of thyroid tissue (estimated amount retained at 
48 hours), and give the radioiodine only after rendering the 
patient euthyroid by an eight-week course of methyl thiouracil. 
Our own custom is to give a preparatory course of methyl 
thiouracil before therapy only to the more severely thyro- 
toxic patients. We incline to the view that all the physical 
factors which can be ascertained in a preliminary tracer test 
should be taken into account, and it would appear to us that 
the uptake, the total half-life of the iodine in the gland, and 


the size of the gland should all be considered. By this means - 


it is possible to deliver a reasonably consistent dose, estimated 
in our present series as between 8,000 and 10,000 rep (réntgen- 
equivalent-physical). 

Retrospective estimations of dosage after the therapeutic 
drink form a valuable check, without which it would be 
difficult to assess results in relation to the actual dose received 
by the gland. 


2. Technique 


This must depend upon the policy underlying the assess- 
ment of dosage, and whether in-patient or out-patient therapy 
is envisaged. In-patient therapy gives better opportunity for 
careful study and preparation of the patient, and better 
control. Myant (personal communication, 1951), on the other 
hand, treats many patients as out-patients, collecting the urine 
for four days, and making a thyroid-uptake measurement 
24 hours after the therapeutic drink. We have found it best 
to transfer the patients receiving therapy to small side-wards 
where they can be isolated from work in which tracer doses 
are being used, and, while they are in these wards, the size of 
the gland is determined by a coliimated Geiger-counter 
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technique, described by Blomfield ef al. (1952). We 
believe this to be more accurate than estimates made by 
palpation. 


3. Malignant Changes 


We consider it unlikely that malignant changes will occur as 
a result of this form of therapy. Such changes might be 
expected from chronic radiation rather than radiation effective 
for only a few days (Werner, Quimby & Schmidt, 1949). 
Quimby & Werner (1949), after exhaustive inquiries into the 
changes which may follow external radiation by x-rays, con- 
cluded that cancerous changes, if they occur, must be ex- 
tremely rare. Gorbman (1950), using mice, found no evidence 
of neoplastic change up to one and a half years after adminis- 
tration of radioactive iodine. Doniach (1950) found that radio- 
active iodine increased the formation of adenomas in rats 
and obtained two thyroid cancers by administering other 
substances along withit. Definite evidence of malignant change 
in the thyroid gland induced by radioactive iodine alone has 
yet to be published. 

Effects have been found in contiguous structures, such as 
the trachea, in mice, but these can be accounted for by the 
minute size of the animal, which brings these structures 
within range of the 8 rays. On balance, the evidence appears 
very much against the possibility of radioactive iodine pro- 
ducing any malignant changes in man, but the possibility 
should be borne in mind in view of the suggestive work on 
animals. 


4. Possibility of Other Adverse Effects 


The doses received by parts of the body other than the 
thyroid vary from patient to patient, depending upon the 
concentration of radioiodine in the blood and upon the rate of 
excretion of radioiodine by the kidneys. Generally speaking, 
the organs other than the thyroid and urinary tract will 
receive the same dose as the blood plasma. For a thyrotoxic 
patient this will vary from 1 r. upwards to as much as 5 or 10 
r./mc. of the drink. It is exceptional to be able to demonstrate 
any radiation effect on organs other than the thyroid. Very 
large doses, such as those used in treating carcinoma of the 
gland, may affect the blood-forming organs, but we have not 
observed such actions with the smaller doses used in thyro- 
toxicosis. No disturbance of ovarian function is likely to 
occur; but the rather remote possibility of genetic effects 
should be borne in mind when treatment in the younger age- 
group is being considered. The kidney and bladder will get 
a dose somewhere between that received by the plasma and by 
the urine. These two levels do not differ widely and the dose 
received by these organs should be so well within tolerance as 
to give no cause for alarm. 


5. Results Obtainable 


Fewer cases have been treated in the United Kingdom than 
in the USA, but nevertheless groups in various centres are 
acquiring experience with the technique and are able to assess 
for themselves its possibilities and limitations. In Sheffield 
we have treated and subsequently observed 70 cases up to 
November 1951, of whom 18 have been followed for over a 
year and 37 for over four months. The results of the whole 
series are shown in fig. 1, and it can be seen that all cases 
that have been followed for a year or more have become 
euthyroid or hypothyroid. There have been no relapses in 
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FIG.1. CLINICAL STATE OF 70 CASES OF THYROTOXI- 
COSIS TREATED WITH RADIOACTIVE IODINE (as 
to 15 November 1951) 


NO CHANGE 
IMPROVED 
EUTHYROID 
HYPOTHYROID 


NUMBER OF CASES 


NAAR 


’ 3 
MONTHS ELAPSED SINCE LAST THERAPEUTIC DOSE 


this group. One patient in the series died from a cerebral 
embolism only two days after the radioiodine had been ad- 
ministered, but we can see no connexion between the two 
events. We believe that careful observation will show that all 
the cases in the “improved” columns will eventually be 
cured if additional doses of radioiodine are given when 
required. Both patients who became hypothyroid had received 
two doses of the isotope. 


Little change occurs in the clinical state of the most recently 
treated cases for a few weeks, but objective improvement is 
usually apparent in about a month, although completely 
normal thyroid balance is not usually achieved until several 
weeks later. Thirty-five of the 41 euthyroid patients in this 
series reached that state with only a single therapeutic drink. 

If the patient rapidly loses his signs and symptoms, it is our 
impression that he will subsequently develop some degree of 
myxoedema, although this may be transient. There was 
certainly a very rapid initial response in the two cases rendered 
permanently hypothyroid. 

Careful consideration has to be given to the method by 
which patients are subsequently assessed. Our own principle 
is to observe patients in the out-patient department following 
treatment, and note their weight and their clinical state, with 
special reference to remission of symptoms and objective 
evidence of gland shrinkage, subsidence of tachycardia, and 
return to normal of their peripheral circulation. If inadequate 
clinical improvement has occurred within two to three 
months, the patients are readmitted to hospital for full 
clinical assessment and radioiodine tracer tests. If appreciable 
improvement occurs in the early months we feel that further 
doses should be postponed even although there may still be 
evidence of slight toxicity, as the full remission of evidence of 
thyrotoxicosis may not occur for some months. The average 
time until normal thyroid function was noted in the patients 
who eventually became euthyroid was three and a half 
months. Abbatt & Fraser (personal communication, 1951) 
follow a similar plan, but Myant (personal communication, 
1951) performs a radioiodine tracer test three weeks after the 
therapeutic drink, and repeats the latter if there is no change 


FIG. 2, GAIN IN WEIGHT AFTER TREATMENT WITH RADIOACTIVE IODINE 


- 4 Be “ 


Patient (a) before, and (b) 1 year after a dose of radioactive iodine calculated to deliver 9,500 equiva 
lent réntgens (e.r.) to the gland. Patient was initially severely thyrotoxic with accompanying supra- 
renal cortical deficiency, and gained 47 Ib. [21.32 kg.] in weight with residual normal thyroid function 
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FIG. 3. SHRINKAGE OF THYROID GLAND AFTER ADMINISTRATION OF RADIO- 
ACTIVE IODINE 


Thyroid gland of a patient with severe thyrotoxicosis (a) before, and (b) 15 months after the second 
of two doses of radioactive iodine. A total of 32.5 mc. was administered, delivering a summated dose 


of 22,200 e.r. (Same patient as in fig. 5.) 


in thyroid function. If a slight but definite change has 
occurred in three weeks he gives a further therapeutic drink 
smaller than the first. If a marked change has occurred, the 
patient is reassessed clinically and with radioiodine two or 
three months later. The validity of radioiodine tracer tests 
within so short a time after therapeutic irradiation of the gland 
is open to question. 

Study of the estimated dosage given to the glands of treated 
patients has provided evidence of considerable variation in 
sensitivity of different glands to radiation (Blomfield et al. 
1952). Some patients have become euthyroid with as small 
a dose as 4,800 e.r., while others have required a further drink 
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even after an initial dose estimated to be about 10,000 e.r. 
It is impossible to state how many cases rendered euthyroid 
by a dose of 8,000 e.r. would have been equally satisfactorily 
treated with a smaller dose, but our estimated dosage level 
appears to give reasonably good results. 

Radioactive iodine gives excellent therapeutic results. 
Normal thyroid function is accompanied by striking gains in 
weight, such as that illustrated in fig. 2, and we feel that weight 
gain is usually a valuable sign of improvement, except in the 
group of plump cases described by Trotter & Eden (1941). 
Enlargement of the thyroid gland invariably diminishes, and 
in most cases of diffuse thyrotoxicosis disappears entirely. 
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SHRINKAGE OF THYROID GLAND AFTER ADMINISTRATION OF RADIO- 
ACTIVE IODINE 


—_ 2 CM, 
b 


Photograph of a patient, and chart of distribution of radioactive iodine in gland, (a) before, and 
(b) 3 months after a dose of radioactive iodine delivering an estimated 4,700 e.r. to the gland. The 
calculated size of the gland shrank from 100 g. in (a) to 50 g. in (b) 


Nodular goitres shrink in size, but do not necessarily revert to 
normal. Figure 3 illustrates the shrinkage that can be expected 
in the size of the gland. 

Objective shrinkage in gland size, as measured by the col- 
limated-counter technique, can be shown to accompany the 
clinical diminution in gland size, and this is illustrated in fig. 4: 
following a therapeutic dose of 4,700 e. r., a gland estimated 
to be 100 g. shrank to a size of 50 g. three months 
later, but there was still very considerable evidence of 
clinical toxicity present despite the shrinkage; a further 
therapeutic drink was necessary to achieve normal thyroid 
function. 


Figure 5 illustrates the disappearance of the stare and 
anxious appearance so characteristic of active thyrotoxicosis. 
Malignant exophthalmos accompanied by hyperthyroidism 
need not be a contra-indication to radioiodine therapy, and 
orbitonometric observations of the degree of exophthalmos 
have shown that with radioiodine there is less tendency for an 
increase in exophthalmos to occur following treatment than 
with either methyl thiouracil therapy or following partial 
thyroidectomy (Ferguson, 1952). Figure 6 shows the 
remission of the eye signs in a patient with progressive ex- 
ophthalmos treated with radioiodine, who, unfortunately, 
became hypothyroid. 
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FIG, 5.FEYE{[SIGNS BEFOREFAND AFTER TREATMENT OF THYROTOXICOSIS 


Facies of patient (a) before, and (b) 15 months after therapeutic doses of radioactive iodine. (Same 
patient as in fig. 3.) 


FIG. 6. EYE SIGNS BEFORE AND AFTER TREATMENT OF THYROTOXICOSIS 


a b 


Facies of patient (a) before, and (b) 27 months after radioactive iodine therapy. Patient became 
hypothyroid after treatment, and requires maintenance thyroid therapy 


No immediate complications of treatment have been en- 
countered except in one patient in whom a flare-up of her 
thyrotoxicosis occurred five days after her therapeutic drink. 
To avoid the risk of this development potassium iodide in 
doses of up to 0.25 g. daily can be given for four days follow- 


ing treatment, beginning not earlier than 24 hours after the 
therapeutic drink. 


We see then that in radioactive iodine we have a powerful 
tool for the treatment of a common disease. It is simple 
to administer, safe and efficient. There are no immediate 
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a) a ->wn- 


This article deals with the treatment of thyroid cancer by 
radioiodine—a subject which has been a focus of interest 
and attention during the past five or six years. This interest, 
at first sight, may seem out of proportion to the small number 
of cases in which radioiodine therapy yields either palliation or 
cure. It is, however, the only clearly curative application so 
far known of a systemically introduced radioactive isotope. 
As a result, its importance lies, not in the mere number of 
cases which are likely to benefit from its use, but rather in the 
basic principles which it exemplifies and in the study of its 
application in practice. 

The selective absorption of radioiodine, on which its 
therapeutic application depends, does present a completely 
new approach to treatment. It is desirable, therefore, to make 
clear the essential difference in principle between classical 


131] IN THYROTOXICOSIS 
Continued from page | 53 


complications and the remote danger that thyroid carcinoma 
may develop is as yet hypothetical. It is our belief that with 
further experience and with the development of new techniques 
of administration it will eventually be suitable for many more 
cases than those for which it is now recommended with 
confidence. 
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methods of radiotherapy and this new agent. Radiotherapy 
ordinarily depends for success on the fact that certain types 
of malignant growth, or malignant cell, are more sensitive 
to the action of ionizing radiation than the normal cells 
among which they are growing, and which in treatment receive 
the same dose of radiation. With radioiodine, the malignant 
cells of the types of thyroid cancer involved have a capacity 
for high selective absorption of iodine to such an extent that, 
if the iodine be radioactive, a dose of radiation can be given to 
these malignant cells vastly higher than is received by the 
normal cells of the body other than those of the normal 
thyroid gland. The amounts used can be made such that 
the cells are totally destroyed by massive internal dosage 
of radiation. The contrast is, therefore, between specific 
sensitivity and selective absorption. This essential difference 
in mechanism means that the principles of treatment previously 
developed for classical radiotherapy no longer necessarily 
hold and we have to build up our ideas de novo. This factor, 
coupled with the rarity of the disease, has made the develop- 
ment of treatment with radioiodine a slow procedure and, as a 
result, present-day techniques are still largely tentative in 
nature. 


1. Selective Uptake of Radioactive Iodine by Thyroid 
Cancer 


The possibility that radioiodine might be selectively ab- 
sorbed and retained by thyroid cancer cells in sufficient 
quantity for treatment was first noted in 1940 by Hamilton, 
Soley & Eichorn. The selective uptake of radioiodine in a case 
of metastatic thyroid cancer was actually demonstrated by 
external counting methods and confirmed by autoradio- 
graphs in 1942 by Keston ef al. But it was not until 1946 that 
Seidlin, Marinelli & Oshry reported a case in which clinical 
improvement and regression of metastatic thyroid cancer 
followed the administration of therapeutic quantities of 
radioiodine. Since then several reports of successful treat- 
ments have been made. Seidlin et al. (1949) published a 
progress report covering six years’ study of the problem at the 
Montefiore Hospital, New York : twelve cases are described. 
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Other reports include those of Frantz, Larsen & Jaretzki 
(1950) and Freedberg (1950). As the natural history of the 
disease may be long and the total number of cases treated is 
limited, assessment of results is still difficult. There is general 
agreement that the proportion of cases of thyroid cancer 
suitable for treatment by this means is disappointingly small. 
Marinelli et al. (1947) put this fraction at approximately 15°. 
The majority of workers, however, report at least good pallia- 
tion from treatment in a high proportion of suitable cases. 
In Great Britain radioiodine was not readily available until* 
1948, when isotope production in the British experimental 
pile at Harwell began on an adequate scale. Since that time 
reports of successful cases have been published by Pochin 
(1950), Walton (1950) and Paterson (1950). Generally 
speaking, experience here has been in agreement with that of 
the American workers. 

In our own series of 43 cases of thyroid cancer investigated 
since 1948, only five proved to be of the functioning type and 
hence suitable for this treatment. It is of interest to note that 
in these five the histology of the tumour was reported as 
highly differentiated adenocarcinoma with colloid formation. 
On the other hand, six tumours with similar histology failed 
to concentrate the isotope. “ Pick-up” cannot, therefore, 
be predicted with any certainty merely from the histological 
appearance. The essential preliminary to the selection of 
cases for treatment is the tracer test. This is used not only to 
determine these cases with “functioning tumour ’”’, but it is 
also an essential preliminary to each treatment dose sub- 
sequently given, and is, therefore, of sufficient importance to 
warrant brief description of the techniques employed. 


2. The Tracer Examination 


The purpose of a tracer examination is to determine the 
fraction of the given I retained in thyroid or in tumour 
and to serve as an index of the probable distribution of a 
subsequent therapeutic application. A tracer examination, 
therefore, precedes therapeutic use and is also used at inter- 
vals between treatments to follow progress. 


The radioactive drink. In Manchester we have used 1 mc. 
as the standard tracer drink for patients with thyroid cancer. 
Carrier-free I solution, as received from Harwell in the 
form of Nal, is made up to 50 ml. with water and the activity 
checked against a calibrated ionization chamber. A little 
flavouring and colour is added to the solution, which the 
patient drinks by sucking through a glass straw. Fifty ml. of 
some palatable fluid (e.g. orange juice) is then run into the 
drinking vessel to flush out the last traces of }I, and drunk 
by the patient through the same straw. The containers for 
these solutions fit into a special box, are loaded at the time of 
dispensing the **"I, and are so arranged that no open liquids 
are handled on the wards. Lead protection is incorporated in 
the box to protect personnel. The same arrangement is used 
for therapeutic drinks. It is most important that no spills 
of the drink occur, however small, for apart from the radiation 
hazard to personnel, the spills can become a source of con- 
tamination which may easily cause serious errors in calcula- 
tion in this and even in subsequent tracer experiments. For 
the same reason, all glassware used for the drink must be 
rigorously cleaned and segregated. 


Measurements. The following measurements are made 
after administration of the tracer: 
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i. Excretions of 1*4I in the urine, which is observed for 
several days. 


ii. A survey of patient with a y-sensitive counter to find 
the possible sites of retention of '*1I, and an assay of 
the amount of iodine absorbed therein. 

iii, An assay of *I content of biopsy material when 
available, followed by an autoradiograph. 


Urinary excretion. To get reliable results from measure- 
ment of urinary excretion of '4I the collection of urine on 
the wards must be meticulously organized and to both the 
patient and ward staff the necessity of collection of all urine 
is stressed. The volume of each sample is measured on the 
ward, about 50 ml. are kept in a stoppered bottle and the rest 
disposed of. The bottles are supplied to the ward ready 
labelled with the patient’s name, serially numbered and with 
space on the label to record the total volume and the time the 
sample was passed. A duplicate record on a separate sheet 
initialled by the nurse provides a valuable check. The urine 
samples are assayed for **4I content, a liquid counter! being 
used and dilutions being made as necessary. After correction 
for radioactive decay, the excretion curve is plotted against 
time as the accumulated fraction of the initial drink excreted. 


y Survey. On the second or third day after the radioactive 
drink the patient is surveyed with a y-sensitive counter and as 
far as possible an estimate is made of the fraction retained in 


. all sites in the body which were found to “ pick up” radio- 


iodine. These measurements added to the urine excretion 
should account for the whole of the "I given. 


Biopsy. Biopsy specimens, when necessary, are taken two to 
four days after thedrink. After wet ashing, they are assayed for 
131] by counting in the liquid counter. When more detailed 
information about the distribution of '**I in the tumour tissue 
is required, autoradiographs are prepared. It is necessary to 
fix the material for autoradiographs in alcohol as formaline- 
fixed material interferes with the photographic action. 


3. Clinical Forms of Thyroid Cancer 


Clinically, cases of thyroid cancer appear in several different 
ways. These include: 


Early thyroid cancer. In a case with a small palpable 
primary growth confined to the gland and with no distant 
metastases, tracer study can only show that radioiodine 
has been concentrated in the thyroid gland area of the 
neck. In our experience it has not been possible in these 
circumstances to distinguish concentration by tumour and 
by normal thyroid tissue. Our present policy in this type 
of case is to follow the tracer test by removal of a substantial 
portion of the supposed tumour, or even by total thyroidec- 
tomy for biopsy study, as described above. Normal 
histological examination of the same material serves both 
to determine histology and to differentiate Hashimoto’s 
disease, Riedel’s struma, and other diseases presenting 
problems of differential diagnosis. We have not yet first 
identified a functioning tumour in this way. 

A large tumour. The case with a rapidly growing mass 
and impending tracheal obstruction presents a different 
problem. Even if such tumours were of the functioning 
type, the time necessary for tracer investigation and the 
slow response to isotope therapy precludes the use of 


1 See Veall, p. 124 of this Bulletin. 
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radioiodine as an initial step. Immediate conventional x-ray 
therapy is indicated in these cases. Ifa satisfactory response 
occurs, tracer investigation can be carried out subsequently. 


The case with metastases. The metastases are usually in 
bone, and less commonly in lung. Such metastases may 
even give rise to the presenting symptom and lead to diag- 
nosis before the presence of the primary growth is sus- 
pected. Here the problem is comparatively simple. After 
administration of the tracer, a survey of the patient is 
carried out as described. The presence of radioactivity in 
any of the metastases can be due only to absorbed iodine, 
and such an absorbing focus can only be a metastasis from 
a thyroid cancer of functioning type (or, theoretically, 
ectopic normal thyroid). This was the method of identifica- 
tion employed in all of our five treated cases. Similar 
surveys are also done as a routine in the early type of cases, 
and metastases not demonstrable radiologically have been 
so diagnosed. 


The postoperative case. Here there is no palpable residue. 
The tracer test at this stage serves no useful purpose. There 
is almost invariably some activity present in the neck which 
must be assumed to be due to residual normal thyroid 
tissue. In this type of case the choice of treatment lies 
between the adoption of a watching policy, pending either 
local recurrence or the development of metastases, and 
immediate radical postoperative x-ray therapy carried out 
prophylactically. It has been our practice to adopt the 
latter course, keeping tracer study for recurrence or meta- 
stases. 


4. Method of Treatment 


There is, as yet, no general agreement on the best technique 
of treatment in the functioning case. Certain workers in 
Great Britain have adopted the policy of weekly doses of the 
order of 25-100 mc. maintained over a prolonged period, 
working on the principle that this is homologous to classical 
radiotherapy with its known advantages of protracted 
radiation. Others, chiefly in the USA, seem to have given 
serial doses of the order of 100-200 mc. at intervals of two 
to three months, or thereabouts, without any special study of 
the relationship between the whole body dose delivered and 
the millicurie content of the drink. 

The policy regarding treatment in our cases has been based 
on the following hypothesis. The destructive action of the 
isotope concentrated in and retained by the functioning tumour 
cells must inevitably of itself reduce functional activity and 
therefore militate against further concentration of a second or 
subsequent dose of isotope. We have, therefore, adopted as 
our basic guide the concept that each therapeutic dose be the 
maximum quantity that can be tolerated with safety by the 
patient. The limiting factor does not appear to be the local 
radiation resulting from concentrating foci, but the radiation 
delivered to the whole body by the circulating isotope. This 
whole body dose is, therefore, of paramount importance and 
the following paragraph describes how it is received and how 
it can be estimated quantitatively. 


a. Calculation of Whole Body Radiation 


The systemic radiation dose given to the whole body can 
conveniently be divided into two phases. There is a first phase 
following the drink when the radioactive iodine, after being 
rapidly distributed throughout the whole body in the circula- 
tory system, decreases exponentially due to its absorption into 


the thyroid and/or tumour and excretion via the kidneys: 
This process has a half-time of several hours and will be called 
“ Phase 1”. 

A second phase develops later when I, which has been 
fixed by the thyroid or tumours, is released into the plasma in 
a protein-bound form and circulates as such for some time 
before being reduced to iodide and eliminated. Thus a steady 
level of radioactivity is built up which persists for many days. 
Usually during the first therapeutic application the whole 
body radiation dose is contributed almost entirely by. Phase 1. 
After several treatments have been given, the second phase 
may become predominant in later treatments. The radiation 
doses to be expected in these two phases can be calculated 
by the physicist from the information given by the urinary 
excretion curves obtained during the previous tracer study. 

We have gradually raised the whole body dose given in the 
cases treated to date and now propose to give a therapeutic 
drink of radioisotope calculated to deliver a whole body dose 
of some 70 r. in Phase 1 of the iodine cycle. This calculation 
is based on the preliminary tracer. We appreciate that this 
may not be a perfect guide to the subsequent distribution of 
therapeutic dose, but feel that it is unlikely that Phase 1 of 
the iodine cycle will differ appreciably for tracer and thera- 
peutic dose, although this may not be true for Phase 2. 

This initial whole body dose of 70 r. should give a definite 
but safe drop in the total white-cell count and a demonstrable 
fall in the platelet count. After each such treatment an interval 
of several months is left until it is clear that residual un- 
destroyed tumour is again functioning actively as determined 
by exploratory tracerstudy. When adequate pick-up capacity 
is revived a further massive treatment can be given. This 
procedure may continue for many months, and it can be 
regarded as complete only when total myxoedema has been 
produced. The myxoedema is treated by thyroid extract. As 
the treatments proceed, retention falls and excretion rises 
until a point is reached at which the whole drink given is 
effectively excreted. The patient can then only be watched 
for the redevelopment of activity with a view to further 
treatment. In a sense each such patient will continue under 
control indefinitely, possibly with serial treatments at greatly 
lengthening intervals. 


5. Techniques to Enhance Uptake of Radioiodine by 
Thyroid Cancer 

At this point it is of interest to consider some of the 
accessory techniques which may be studied with a view to 
augmenting pick-up in the functioning case suitable for 
treatment, but which have also been used in the non-function- 
ing type in an effort to induce pick-up and hence increase the 
number of treatable cases. These methods include: , 


Thyro-elimination. This term was coined by one of us 
(R.P.) to describe either the removal by surgery of the 
whole thyroid gland, or its total destruction by radio- 
iodine. In the functioning case this procedure should be 
carried out at once, as it removes the competition of the 
thyroid for the radioiodine and probably increases the 
production of thyrotrophic hormone in the pituitary. For 
the non-functioning case also, Seidlin regards thyro-elimina- 
tion as the basic first step in treatment and states that 
‘“* uptake can be induced in the metastases of most patients ” 
(Seidlin et al. 1949). Our results with this method, which 
we have carried out in 16 cases, have been very disappointing, 
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no change in function being detected in a single case. In 
the face of this conflicting evidence, it is suggested that 
consideration should be given to the use of this method, 
which entails months of endurance of total myxoedema, 
only in the cases where the histology of the tumour is of 
the highly differentiated type. 


Thyrotrophic hormone. There are favourable reports of 
the use of this hormone both for increasing pick-up and 
for inducing pick-up in metastases. There would appear, 
however, to be considerable difficulties in obtaining a 
dependable active preparation. 


Thiouracil. The use of this drug and related compounds, 
maintained for some weeks or months and suddenly with- 
drawn, has been reported to induce pick-up in some cases. 
Large doses are required which are not without risk and 
the resulting myxoedema is severe. The mechanism of its 
action is not fully understood and further study is required. 

Our experience with thyrotrophic hormone and thiouracil 
is limited. In no case have we been able, by any of these 
methods, to induce pick-up in the non-functioning case. 
Isotope treatment in our series has, therefore, been con- 
fined to the limited number of cases which were found to 
pick up iodine spontaneously. We have, however, success- 
fully employed thiouracil to increase pick-up to an en- 
couraging degree in one case. 


6. Case Histories 


Many of the processes and principles outlined in this 
article will be best illustrated by the following three case 
summaries. 


Case 1. A woman of 63 years of age came to us in August 1949 
with a two years’ history of a slowly growing lump on her head. A 
biopsy had been reported as “* adenocarcinoma with colloid for- 
mation” and radiographs showed a large osteolytic metastasis. 
Clinical examination revealed obvious tumour in the frontal region 
and the right lobe of the thyroid to be enlarged and hard. An initial 
tracer dose of radioiodine showed that 65% of the administered 
dose was retained—divided approximately equally between the 
thyroid and the metastasis in the skull. Total thyroidectomy was 
performed in September 1949, showing a highly differentiated 
adenocarcinoma of the right lobe. Subsequent tracer examination 
showed a retention of 35% in the metastasis. The first therapeutic 
drink of radioiodine in October 1949 was one of 130 mc. It 
resulted in a radiation erythema over the skull metastasis, and in 
epilation. Retention in the metastasis fell to 15% and a further 
therapeutic dose was given in November 1949. Over the next four 
months there was a gradual reduction in the size of the swelling on 
the forehead but no change in the radiographic findings. 

In the following year, 1950, two further treatments were given, of 
220 mc. and 175 mc., after which pick-up of iodine by the metastasis 
had fallen to zero. Myxoedema was complete and severe. The 
soft tissue swelling disappeared completely, though radiologically 
there was still little change. Thyroid replacement therapy was then 
gradually instituted and at the present time this patient is feeling 
perfectly well and leads a normal active life. Periodic tracer tests 
are continued and there are as yet no signs of return to activity in 
the metastasis. 
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The whole body dose delivered by the individual treatments is 
shown hereunder: 


Drink (in mc.) Whole VF aan -" 
130 19 


150 29 
220 53 
175 68 


*Réntgen-equivalent-physical 


Case 2. This was a metastatic case of thyroid cancer in a young 
woman of 31 years. Five years previously she had had a thyroidec- 
tomy, followed by x-ray therapy, but metastases had developed in 
lymph nodes and when first seen by us significant nodes were 
palpable in the neck. A y survey following a 1 mc. tracer test was 
inconclusive and radio-elimination of the thyroid was carried out 
with a drink of 70 mc. Following this dose it was possible to 
demonstrate conclusively that there were significant amounts of 
activity in the chest and in one of the lymph nodes high in the 
cervical chain. Subsequent radiographs of the chest confirmed the 
presence of multiple small metastases scattered throughout the lung 
fields. In June and September of 1950, 140 mc. and 180 mc. were 
given respectively, with a resulting fall in retention of 1*'I and the 
development of myxoedema. Tracer investigations showed that 
the patient was retaining something less than 5% related to barely 
discernible activity in the chest. In view of this and the severe 
myxoedema, thyroid replacement was begun, and at the present 
time she is symptom-free and comparatively well. The latest 
report on the chest film shows it to be “* practically clear radio- 
logically’. The histological diagnosis of the tumour in this case 


was “highly differentiated adenocarcinoma with colloid forma- 
tion’’. 
The whole body dose delivered by the treatments was: 


Drink (in mc.) Whole henge ( rep) 
140 14 
180 22 


Case 3. A man of 61 years with a mild degree of thyrotoxicosis 
was found to have multiple pulmonary metastases. A small 
primary tumour was palpable in the thyroid isthmus. In March 
1950 an initial tracer dose showed without doubt the presence of 
iodine-absorbing foci in the chest, corresponding exactly with the 
radiological picture. Following a total surgical thyroidectomy in 
March 1950, a second tracer test showed that 45 % of the administered 
iodine was being retained in the metastases. In April the first 
treatment with 125 mc. of !*4I was given and was followed in June 
and August of the same year by further treatments with 200 mc. and 
240 mc. respectively. Retention in the body fell from 45% to 20%, 
then to 3% associated with the development of severe myxoedema. 
It was considered that further treatment with such small retention 
levels would be worthless and thyroid extract was given to relieve 
the myxoedema. The patient’s general condition improved con- 
siderably and until March 1951 he was feeling perfectly well. The 
radiological picture remained static throughout this time. Periodic 
tracer investigations demonstrated the presence of small but signi- 
ficant activity in the chest metastases with a retention of about 3% 
of the tracer dose. Since March 1951 he has had intermittent 
attacks of pain in the hip and thigh regions. The cause of this pain 
has eluded us so far and he remains under investigation. 

The whole body dose delivered by the treatments was: 


Drink (in mc.) a) a (in rep) 


125 13 
200 22 
240 35 
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The results of treatment of carcinoma of the bladder are, on 
the whole, poor and this is reflected in the diversity of thera- 
peutic methods which have at one time or another been used. 
At present, surgery and radiotherapy, separately or in com- 
bination, provide the best chance of cure or palliation. No 
single technique is able to deal with all forms of the disease 
and a broad grouping, according to size of the growth, may 
serve to indicate current accepted methods of treatment. The 
large, infiltrating or proliferative growth is removed by total 
cystectomy or, if inoperable, is treated palliatively by external 
irradiation. Small lesions, up to two or three in number, may 
respond to radon seed implants, inserted at open operation 
after the projecting parts have been removed by diathermy. 
Growths of an intermediate size can sometimes be controlled 
by accurately applied, multiple-field or ‘“* rotating-field ” 
high-voltage therapy. 

There remains the bladder, the mucosa of which is wholly 
or in large part undergoing malignant change. This mucosa 
is frequently the site of papillomata which have, for a time, 
been controlled by diathermy, but which are recurring at a 
higher rate and showing evidence of increasing malignancy. 
It appears to us that the only rational method of treating such 
a condition is to treat the whole mucosa. To do this by 
removing the bladder and transplanting the ureters exposes 
the patient to a considerable risk and, in many cases, is pre- 


cluded by poor general condition. Furthermore, many young 
men are unwilling to accept the impotence that results from 
this procedure. The area involved is too large to be implanted 
with radon seeds. The only other available agent, external 
irradiation, can seldom deliver to the whole bladder wall a 
dose sufficient to destroy the tumour without exceeding the 
patient’s local or general tolerance. 


1. Intracavitary Irradiation of Bladder 


An obvious method of approach in these circumstances is 
to irradiate the whole of the bladder from within. Various 
methods of intracavitary irradiation of the bladder have been 
used by different investigators. In this hospital, with the 
collaboration of Mr D. M. Wallace, we examined the possi- 
bility of using a solution of one of the radioactive isotopes that 
had become available in high activities. It was in our minds 
that, should the procedure fail to rid the patient completely 
of his tumour, total cystectomy might still be possible at a 
later date. Previous communications (Wallace, Walton & 
Sinclair, 1949; Walton, 1950) have described our original 
apparatus and procedure. 

Two principal methods of complete irradiation of the 
bladder wall by intracavitary means have been used. They 
involve either filling a balloon of a modified Miller-Abbott 
type with an active solution, or locating a small point source 
of radiation at the centre of such a balloon inflated with air or 
liquid. The latter method has been used by Friedman & Lewis 
(1949) who used 25 mg. radium at the centre of a 40 ml. sphere 
and gave total doses of 5,000-9,000 r. delivered in two frac- 
tions, the first of 4,000 r. delivered in about four days, fol- 
lowed by a further treatment 10-12 days later. In their tech- 
nique the dose is not delivered uniformly to the whole of the 
bladder wall due to the large tip of the Foley catheter used 
and consequently asymmetric lesions were chosen for treat- 
ment. Harris (1949) used a similar technique with radium. 
Low-Beer (1950) reports the use of ®*°Co beads for the same 
purpose, larger spheres (70 ml.) being used. As an alternative 
to the use of central sources, Miiller (1949) has used *°Co 
solutions in volumes of 40-60 ml., delivering 6,000—7,000 r. 
in a period of about one week. In the Royal Cancer Hospital 
(Wallace et al. 1949), short-lived isotopes 24Na and ®*Br have 
been used in a volume of 150 ml. and at high activity (400— 
600 mc.) in order to keep the irradiation time short, which is 
desirable if such a large volume is used. This volume is about 
the maximum that a patient will tolerate without acute dis- 
comfort for a period of a few hours and gives a better distri- 
bution of dose in depth for a given isotope than does a smaller 
volume (see fig. 1A). 

The relative merits of these techniques may be considered 
from five principal points of view: (a) method of introduction 
of source of radiation, (b) hazard to the patient, (c) hazard to 
personnel, (d) accuracy of dosage estimation, and (e) distribu- 
tion of dose in tissues. 


a. Method of Introduction of Source of Radiation 


The method of introducing point sources in the case of 
radium is suprapubically, while the *°Co beads may be 
sufficiently small to introduce in a catheter per urethram. The 
difficulties of these methods of introduction preclude the use 
of very active sources (and hence short irradiation times) 
because of the radiation received by personnel. In Miiller’s 
method (Miiller, 1949) the solution is easily introduced into a 
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FIG. 1A. DOSES IN INTRACAVITARY TECHNIQUES 
USING 150 ml. OF RADIOACTIVE SOLUTION 


1-0 5 
a: 150 ml. pure y emitter 
b: 150 mi. °*Br 
c: 150 ml. 24Na 
d: 150 ml. °?P 


Abscissae: depth in tissue (cm.) 
Ordinates: percentage dose 


Foley catheter and, since relatively low activities are used, the 
introduction can be performed by remote-control syringe. 
In the method described here such high activities are used that 


more elaborate precautions are necessary but, from the point 
of view of the patient, less discomfort is likely than in the 
case of central point sources. Although each method has its 
own difficulties, the method used at the Royal Cancer 
Hospital is no more dangerous and is probably less distressing 
to the patient than most. 


b. Hazard to the Patient 

An objection to the use of solutions is the danger of bursting 
of the balloon and consequent absorption in the patient of 
large amounts of radioactivity. This risk is guarded against 
in the technique used at the Royal Cancer Hospital by testing 
the balloons beforehand with much greater volumes than 
150 ml., by monitoring the urine at intervals during the irradia- 
tion period, and by using a short-lived isotope of physio- 
logically harmless material. The absorption of free 24Na 
from the bladder was found to be 4% in half an hour and of 
82Br only 0.5% in half an hour. If a leak develops, therefore, 
most of the radioactivity will reach the receptacle for urine via 
the urine drainage channel and, of the remainder, little would 
be absorbed in the period between development of the leak and 
discovery of activity in the urine. In the earlier balloons used, 
slight permeation of active ions through the latex walls was 
observed, but increasing the wall thickness reduced this to a 
negligible amount. We do not consider the possibility of 
danger resulting from a leak to be sufficiently great with a 
short-lived isotope, if the present precautions are taken, to 
constitute a valid objection to the use of solutions. 


c. Hazard to Personnel 
Little information is available from other reports on the 
question of hazard to the operators and nursing staff. The 


FIG.1B. DEPTH DOSES IN INTRACAVITARY TECH- 


NIQUES USING CENTRAL SOURCES OR 
VOLUMES OTHER THAN 150 ml. 


0 15 

a: 150 ml. central source 

b: 25 ml. central source 

c: 40 ml. central source 

d: 50 ml. ®°Co solution 
Abscissae: depth in tissue (cm.) 
Ordinates: percentage dose 


activities used appear to be of the order of 25 mg. of radium 
and it is unlikely, therefore, that the danger is greater than in 
radium treatment of the cervix. In the Royal Cancer Hospital 
technique, where much higher activities (40 times) are used, 
the risk is obviously much greater. However, by taking 
adequate precautions (lead protection and remote-control 
handling) at all stages of the technique and dividing the 
various phases between five operators, the dose per treatment 
rarely exceeds 15 mr. to an individual operator. This dose is 
over 20 times less than the weekly tolerance dose and is not 
more than would be received by an operator during radium 
treatment of the cervix. 


d. Accuracy of Dosage Estimation 


In both cases the size of the sphere controls the surface dose 
delivered to the tissues. The volume of fluid (inactive in one 
case and active in the other) used to inflate the balloon can be 
determined with reasonable accuracy at the time of insertion. 
The activity of the central source and the specific activity of 
the spherical solution can be determined with equal accuracy. 
It may be assumed therefore, since the time of introduction is 
short compared with the irradiation time, that the dose at the 
surface can be equally well calculated in each of the two cases, 
unless asymmetry occurs in the position of the central source 
as discussed in section le below. Using an ionization method 
to measure the activity of the source, the error in calculating 
the surface dose should not exceed + 5%. This degree of 
accuracy is certainly adequate for clinical purposes and con- 
siderably better than with most interstitial or intracavitary 
techniques in conventional radiotherapy. 


e. Distribution of Dose in Tissues 
A most important consideration in all radiotherapy tech- 
niques is the distribution of dose in the tissues, which in this 
case means the variation of depth dose from the surface of the 
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FIG. 2A. DISTRIBUTION OF DOSE ABOUT A CENTRAL 
POINT SOURCE IN A BALLOON INFLATED 
TO 75 mi. 


balloon outwards. It will be apparent that, in the case of 
point sources surrounded by a liquid, no primary 8 radiation 
will reach the tissues and the variation of y dose will be 
principally due to the inverse square law and will depend on 
the distance of the source from the tissue. In the case of 
spheres of solution primary 8 radiation may, depending on 
its energy, make a substantial contribution to the surface dose 
and will fall off quite sharply with tissue depth. In addition, 
the y dose will not follow the inverse square law but will vary 
in a well-known manner (Mayneord, 1945) which initially 
gives a much sharper fall with depth in tissue. It is difficult 
to carry out measurements of the depth dose under conditions 
identical with those obtaining during the treatment, but the 
parameters required can be determined experimentally and 
the depth doses calculated. The experimental determination 
of the various parameters will be described in more detail in a 
later communication. The calculated depth doses for a variety 
of techniques, and also some theoretical curves under ideal 
conditions, are shown in figs. 1Aand 1B. Acurveisalsoshown 
for **P to indicate the effect of 8 radiation of 1.7 MeV energy. 
It is apparent that, if the aim is to irradiate a block of tissue 
0.5 cm. in depth as uniformly as possible, the point source 
would do this most effectively. The underlying tissues, how- 
ever, would also receive a higher dose. The two techniques 
employing solutions (50 ml. ®°Co (Miiller, 1949) and 150 ml. 
82Br (Royal Cancer Hospital)) deliver a relatively smaller but 
still adequate dose at 0.5 cm. from the surface. There is, 
however, a further important consideration which is sufficient 
in itself to make solution methods preferable to central point 
sources, and that is the difficulty of ensuring that the central 
source is in fact central. Figures 2A and 2B show, for example, 
the very marked effect of moving the point source 0.7 cm. 
from the centre of a 75 ml. sphere. The dose on one side of 
the balloon is now three times that on the other. No such 
risk is run in using solutions and even quite substantial devia- 
tions from the spherical shape affect the distribution of dose 
only very slightly. 


FIG. 2B. DISTRIBUTION OF DOSE ABOUT A POINT 
SOURCE DISPLACED 0.7 cm. FROM CENTRE 


It is apparent, referring to fig. 1A again, that #4Na 
irradiates the first 0.5 cm. of tissue much less effectively than 
82Br, but gives a sharp fall in depth dose which may be 
useful if the lesion is.confined to the superficial layers of the 
mucosa. 

The curves for *°Co, ®**Br and *4Na are calculated on the 
assumption that the 8 dose in réntgens is equivalent to the y 
dose in réntgens, but it should be pointed out that there is some 
evidence to suggest that the 8 dose in réntgens may be less 
effective biologically than the y dose. Our own observations 
with *4Na and ®*Br in this technique appear to support 
this. 


Reasons for Preference 


The above considerations show that the technique of using 
short-lived 24Na or ®*Br solutions in a large volume is, when 
carefully applied, no more dangerous and probably inflicts less 
discomfort on the patient than other intracavitary methods. 
The use of short-lived materials instead of *°Co reduces the 
risk of long-continued radioactive contamination. The 
principal reason for our preference for this technique is, 
however, that the distribution of depth dose is more uniform 
than appears possible with central sources. 

A brief account is presented of the physical and clinical 
basis of the method used at the Royal Cancer Hospital and 
of our experiences in the treatment of 40 cases. 


2. Equipment 
a. Latex Bag and Remote-Control Filling Apparatus 


The construction of the modified Miller-Abbott tube is 
shown in fig. 3. The tip of the catheter is flush with the surface 
of the balloon when distended and the eye for drainage of 
urine is set as close to the proximal end of the balloon as 
possible. The balloon is constructed of best quality latex and 
before insertion is distended to 400 ml. volume and tested for 
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FIG. 3. DIAGRAM ILLUSTRATING CONSTRUCTION OF BALLOON AND ionization meter (Sinclair & New- 


CATHETER bery, 1951) for measurement and 
afterwards it is transferred to a 
lead-protected fume cupboard which 
is equipped with manipulators 
(Mayneord, 1951). The air is con- 
tinuously drawn through the fume 
cupboard by means of a fan, to 
prevent the escape of radioactive 
dust or moisture into the rest of the 
laboratory. The can is held in a lead 
holder inside the cupboard while the 
lid is removed and the contents 
emptied out by means of the mani- 
pulators into a glass flask containing 
water and a small amount of HCl. 
The can is washed as often as neces- 
sary from a water supply mounted on 
a three-way slide and these washings 
are tipped into the flask. The volume 
of the solution is made up to 200 ml. 
and an electric stirrer is then oper- 


: balloon deflated and rolled; ready for insertion ated for about two minutes to 


: balloon deflated 
: balloon inflated; diameter 6-7 crn.; capacity 150-200 ml. 


: enlarged cross-section of catheter at x x FIG. 4. DIAGRAMMATIC REPRESENTATION OF AP- 
(a) channel for isotope PARATUS FOR ADMINISTRATION OF HIGHLY 
(b) channel draining urine ACTIVE SOLUTIONS 


(c) catheter eye 


leaks. The thick wall (0.12 mm. at 150 ml.) is impermeable 
to the active solution used. 

The filling apparatus consists of a graduated cylindrical 
glass tube of more than 200 ml. capacity with one two-way 
tap at its upper end and two others in series at its lower end. 
The upper tap applies either suction or pressure to the 
apparatus. The first of the lower taps leads alternatively to 
the balloon or to the solution store. The second admits to 
the apparatus either inactive or active solution. The sides and 
front of the tube are surrounded by a wall of lead 2 in.’ thick, 
the total weight of lead being approximately } ton [ca 250 kg.]. 
It may be noted that 2 in. of lead reduce the intensity of ®*Br 
y radiation by about 95%. The whole apparatus is mounted 
on a metal frame and trolley for mobility. The tap controls 
are “‘ remote ’” and mounted on the outside of the lead wall, 
while angled mirrors are provided above and at one side. A 
strip light is mounted inside the lead wall and the image of the 
tube is thus visible in the mirrors at a considerable distance. 
The apparatus is shown in fig. 4, with a diagrammatic repre- 
sentation of its construction superimposed. 


b. Preparation of Active Solution 


The active solution used at the present time is prepared 
from the salt CaBr,, 12 g. of which are irradiated in the 
nuclear reactor (BEPO) at Harwell for one week. The 
activity is approximately 800 mc. ®*Br on Tuesday morning 
(following release on Monday), and is contained in the 
normal cylindrical 3 in. X 1 in. aluminium irradiation can (a) tube applying suction 
(which is itself active with about 0.5 mc. “Na on Tuesday). (b) tube applying pressure 


s : : : * (c) store 
The can of active salt is placed in a calibrated, lead-protected (d) tube leading to patient 
<j = enna eee . a (e) vessel containing radioactive solution 
. sin, mageen (f), vessel containing inactive solution 
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accelerate the dissolving process. The stirrer is removed 
and the flask and contents transferred by means of long 
tongs into a temporary lead store before transfer to the 
filling apparatus. The operator wears a long gown, surgical 
hood, surgical gloves and rubber boots during this pro- 
cedure to prevent contamination of his person, particularly 
in the event of an accident. The complete operation may, 
however, be accomplished in about four minutes, during 
most of which time the operator is at least a metre from the 
source, which is also heavily shielded with lead. Both con- 
denser ionization chambers and film badges are worn to 
record the dose received. 


3. Clinical Considerations 
a. Selection of Cases 


The dosage distribution round the active sphere is such that 
it is necessary to accept only those cases in which no spread of 
the tumour to tissues deeper than the submucosa has taken 
place. Cystoscopic examination is first carried out and a piece 
of growth taken for biopsy. Bimanual examination under full 
surgical anaesthesia follows. We have taken the presence of a 
palpable lesion to mean that the growth has spread into the 
muscular layer or beyond and such a finding to contra-indicate 
this method of treatment. Intravenous pyelography is carried 
out in each case, and a normal appearance of the lower end of 
the ureter has been taken as an indication that there is neither 
infiltration of the bladder wall at this point, nor a mucosal 
lesion within the intravesical portion of the ureter. 


b. Management of the Case 

In the operating theatre, the urologist inserts the bag into 
the bladder per urethram in the female patient. In the case of 
a male, however, he first passes a sound; then, with the curve 
of the sound bulging the perineum, he makes a longitudinal 
incision about an inch long, just in front of the mid-point of 
the perineum. The incision is carried down to open the 
urethra, the cut edges of which are grasped with tissue forceps 
before the sound is withdrawn. Hegar’s dilators are passed 
to enlarge the posterior urethra sufficiently to admit a small 
metal tube fitted with an obturator. The upper end of this is 
passed into the bladder and its presence there confirmed by 
the gush of urine which follows removal of the obturator. 
The empty, lubricated bag is then easily pushed up the tube 
into the bladder and partly inflated with air to hold it there. 
The tube is slipped out of the wound, to be removed later 
with the bag. No perineal sutures are inserted as we have 
found that drainage is better and healing just as rapid without 
them. 

From the operating theatre the patient returns to a single- 
bedded ward. Here the effects of the anaesthetic are allowed 
to pass off as we have found it preferable to deal with a con- 
scious and co-operative patient. During this period, urine is 
led to a bottle through a tube connected to the appropriate 
section of the catheter. 

Premedication with omnopon (} grain)? and scopolamine 
(xs grain) allays discomfort and anxiety and is given half an 
hour before the patient is brought to the surgery for treatment 
with isotopes. Here the catheter is connected to the apparatus 
by a conical quick-release joint and the drainage tube led to a 
bottle as before. 


* : grain = 66 mg. 


FIG. 5. GRAPH OF 1 — e“t AGAINST t FOR “Br 
(half-life — 36 hours) 


0-18 


016 


2 4 6 
Abscissae: irradiation time (hr.) 
Ordinates: value of 1 — et 


The bag is first evacuated and then slowly filled with about 
150 ml. of an inactive 10% solution of sodium iodide to see 
whether this volume is well tolerated. Filling is not hurried 
and should take 5-10 minutes in order to discourage the 
bladder from going into painful spasm. Should this occur, 
the therapist immediately releases the pressure on the hand- 
bulb. After a short interval, filling can usually be resumed and 
completed at a slower rate. Radiographs may be taken at this 
stage if required. 

The inactive solution is removed from the bag by applica- 
tion of suction and filling is then carried out with the active 
solution of sodium chloride or calcium bromide. The catheter 
is clamped and suction applied while the joint is broken, after 
which a metal plug is inserted as an added precaution against 
spilling. The catheter is strapped to the patient’s thigh and he 
is returned to the ward. Frequent checks are made to ensure 
that urine is draining normally and contains no appreciable 
amount of radioactivity. 

The length of time required to give the dose in réntgens that 
has been decided on can be determined only after filling is 
complete. The basis of the dosimetry and the method of 
calculating the irradiation time from the volume and radio- 
activity, with the help of fig. 5, is described in the appendix. 
Shortly before the expiration of the necessary period, the 
patient is brought back to the surgery. The catheter is con- 
nected once again to the apparatus and suction applied to 
empty and collapse the bag, which is then slipped out through 
the female urethra or through the male urethrotomy opening. 
A pad and T-bandage are applied, after which the patient is 
monitored for contamination and is returned to the ward. 

Stay in hospital for a single irradiation is normally one 
week. Normal micturition is not interfered with in the female, 
but in the male there is usually some leakage of urine through 
the perineal wound for five to seven days. As the sphincters 
are not damaged, however, this occurs only during the act of 
micturition and may be quickly controlled by teaching the 
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patient to press a pad firmly over the wound while passing 
urine. 
c. Complications 


Immediate complications are similar to those which may 
follow any interference with the bladder, and are usually 
limited to mild infection. This has been controlled in the 
majority of cases with various combinations of antibiotics. 
Slow healing of the perineal urethrotomy wound has been 
infrequent. In one case intractable bladder spasm commenced 
shortly after treatment and could be relieved only by the 
administration of a spinal anaesthetic. Following this it 
recurred, to persist until it was finally relieved by the occur- 
rence of a metastasis in the appropriate frontal lobe of the 
brain. 

Late complications have been few but have included one— 
contraction of the bladder—which has necessitated removal 
of apparently tumour-free bladders. This has now been seen 
on four occasions, having arisen six to twelve months after 
treatment. We have attempted to correlate the incidence with 
the isotope used, with the technique of treatment and with the 
presence or absence of infection, but there appears at present 
to be no significant relationship between any of these factors. 
In one case, emergency total cystectomy was necessary after 
nine months, to relieve severe uncontrollable haemorrhage. 

Frequency of micturition, accompanied by some pain, 
coming on after seven to ten days, and the passage of tumour 
fragments, have been noticed in most cases and have been 
regarded as evidence of normal reaction: 


4. Radiation Technique and Dose 


The dose in réntgens given to the bladder wall, and the 
mode of giving it, whether as a single irradiation or in frac- 
tionated form, have changed as we have gained experience. 
Using **Na, we first gave a single dose which was increased in 
successive cases, until we were giving 3,000 r. due to y rays 
together with 4,000 r. due to 8 rays at the surface of the bag. 

In the case of ®*Br, comparable results appeared to follow 
when a dose of 4,000 r. due to y rays and 1,000 r. due to @ rays 
was given. We have felt that, on general principles, fractiona- 
tion of the dose would be desirable and this has been con- 
firmed by Dr P. C. Koller of the Chester Beatty Research 
Institute, who has carried out cytological studies on excised 
portions of tumour and on whole bladders. We have there- 
fore commenced to treat a series of cases in this way, using 
82Br and giving three doses, each of 2,000 r. due to y rays and 
500 r. due to 6 rays, at weekly intervals. This technique en- 
tails a stay in hospital of three weeks or so, and the bag is 
inserted and removed on each of the three occasions, the 
urethrotomy wound in males being easily broken down for 
this purpose. 
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5. Results 


The cases treated with 2“Na received their irradiation during 
the period 10 May 1949 to 6 March 1951, while those having 
82Br were treated between 21 February 1950 and 4 September 
1951. Follow-up has been complete, with the one exception 
of a patient who lives abroad and has been omitted from this 
series. 

While it is too early to quote survival rates, we feel that, 
with a new method such as this, an indication of the general 
trend might be of value. 

Of the 21 cases treated with **Na, 8 have died. Of these, 
local growth was present in 3, while 2 died of metastases with 
no sign of local growth. Uraemia, following on pyelo- 
nephritis, was the cause of death in two others, while one 
succumbed to intercurrent disease. Thirteen patients are 
living, of whom 2 are known to have tumours. The remaining 
11, of whom 3 have now survived over two years, are symp- 
tom-free and tumour-free. Seven of these have received no 
other treatment, one had diathermy applied to a single small 
residual lesion, while 3 have had total cystectomy performed. 

The 18 cases that received ®**Br were treated rather more 
recently and of these only one has so far died, the cause of 
death being metastatic spread, with no demonstrable local 
growth. Of the 17 living, one is known to have tumour, 
while 2 others, though they have no demonstrable tumour, 
suffer respectively from intractable cystitis and a contracted 
bladder. Fourteen cases have neither tumour nor symptoms. 
Of these, 7 received no other treatment, 3 received small 
applications of diathermy, 2 had total cystectomy, while 
ureteric transplant was performed in the remaining 2 to 
relieve symptoms, the tumour-free bladder being left in situ. 
Three of the tumour-free and symptom-free cases have sur- 
vived more than 18 months. 

We feel that the improvement noted in the series treated 
with ®*Br may be attributable to 3 factors: (i) shorter average 
time since treatment; (ii) better physical characteristics of 
82Br; (iii) better selection of cases. 

Whether fractionation of the dose will produce further 
favourable effect remains to be seen, but we feel that the 
method has a place in the treatment of a well-defined group 
of bladder tumours and we shall continue its use in this 
hospital for an extended period. 
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For a given isotope and given size of sphere the ®- and y- 
dosage rate at the surface will bear a constant relation to one 
another, and it will therefore be sufficient to specify only one 
of these (the y dose) after the ratio- between the two has been 
determined. The dosage rates due to both the $8 and y rays 
are quite easily calculated independently, provided the 
respective energies and decay schemes are known. 


_ Dosimetry 


The dosage rate at the surface of a sphere containing a y 
emitter distributed homogeneously throughout its volume is 
well known to be 2xkpa (Mayneord, 1945) if the small 
absorption of the y radiation in the sphere is neglected. 


k = dosage rate in r./hr. at 1 cm. from a point source of 
1 mc. and can be found (Mayneord, 1950) if the decay 
scheme is known 

e = specific activity in mc./ml. 

a = radius of sphere (cm.) 


A factor Ay can be introduced to include the effect of ab- 
sorption, and Ay, the transmitted fraction, will have the form 


1 — } (ua) + $ (ua)* — $ (ua)*® + 


where p is the linear absorption coefficient (Meyer & 
Schweidler, 1927), and can be calculated for quanta of known 
energy. Fora 150 ml. sphere, Ay is of the order of 0.93-0.95 
and varies slowly with the radius. 

Thus the y-dosage rate in the clinical technique may readily 
be calculated, the variables being p and a, both of which are 


determined experimentally at or before the time of administra- 
tion. 






8 Dosimetry 


The 8 dose in a medium that is large compared with the 
range of the particles may readily be calculated since the 
energy absorbed per gram of medium will then equal the 
energy emitted per gram (Marinelli, 1942; Mayneord, 1950). 
In this case the sphere is large compared with the range, and 
the dosage rate at the surface (as for plane sources) will be 
one-half of the saturation dosage rate throughout the sphere. 

The dosage rate at the surface of a sphere containing a 
8 emitter of average energy E MeV and concentration 
2 mc./ml. will therefore be given by the expression 


3.7 x 107 x E x 1.6 x 10—* x 3,600 
bo 93 





r./hr. 
= 1,1459E r./hr. 


In the clinical technique the balloon used may be thick 
enough to absorb an appreciable part of the 8 radiation 
emitted from the surface and a factor Ag should therefore be 
added. A B will have the form e~“s* where ug is the linear 
absorption coefficient, and is generally found experimentally. 
Ag will vary greatly with 8 energy. 
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Combined 8 and y Dosimetry 


The 8 and y relations may be combined to give the com- 
bined dosage rate: 


2nkpaAy + 1,145pEAg r./hr. 


The total dose (Dig + y)), delivered as the result of pp mc. 
which are destroyed (i.e., the difference between p, initially, 
and ¢, finally at the end of treatment), will be obtained by 
replacing ep by pp and multiplying by the average life of the 


, T : aa 
atoms, i.e., 0.693 where T is the half-life in hours. 
Then 
Dig + y) = enT(9.lkaA,, + 1,650EA g) Tontgens 
= pol (Fy + Fe) rontgens. 


In Table I, the values of F,, and Fg are calculated for a number 


of isotopes for the technique used at the Royal Cancer 
Hospital. 


TABLE I. VALUES OF PARAMETERS FOR CALCULATION 
OF DOSAGE RATE FROM VARIOUS ISOTOPES 




















e Fp 
Isotope| Half-life (MeV) Ag Fg k Ay Fy E, 
3p 14.3 days | 0.70 | 0.93 | 1,070 | — — — — 
24Na | 14.9 hr. | 0.54 | 0.88 778 | 19.3 | 0.945 | 555 | 1.4 
82Br 36 hr. | 0.19 | 0.35 107 | 15.4 | 0.934 | 443 | 0.24 
89Co | 5.3 years | 0.12 | 0.17 33 | 13.6 | 0.936 | 391 | 0.09 
42K 12.4 hr. | 1.28 | 0.98 |2,060/] 2.1 | 0.94 60 | 34.0 

















It is apparent that for constant conditions there is a constant 
ratio between Fg and F,, and since the radius a, and thus F,, 
changes only slowly with volume, the ratio of F,/Fy is taken 
as constant for a given isotope. Thus the y dose to the surface 
of the balloon is usually specified and the 8 dose calculated 
by the known ratio to it. In order to facilitate the calculation 
in clinical practice the y dose 


Dy = ppTFy = (1 —e YT x 9.1 x kaAy 


is expressed in terms of the principal variables: p, the specific 
activity; t, the irradiation time; and a, the radius. In the 
case of ®*Br, for example, k = 15.4 and Ay = 0.934, T= 
36 hr., and the relation becomes 


am Dy 
eX 36 x 9.1 x 15.4 x a x 0.934 
__ 0.213 x 10~-* x Dy 
See 


1—e 





Thus the calculation in clinical practice becomes a simple 
one: Dy is specified by the radiotherapist, a is determined 
from the volume administered, p is measured during the 
Continued at foot of page 165 
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preparation of the solution (and modified slightly for dilution) 
and the value of (1 — e~™4) then found from 
—\Mt _ 0.213 x 10-% x Dy 

ineeeens samme 


l—e 


and the irradiation time, t, is then found at once from a graph 
in which (1 — et is plotted against t (see fig. 5 for the iso- 
tope **Br). For example, if Dy = 1,000 r. ; a = 3.3 cm. for 
150 ml.; and p = 3 mce./ml., then (1 — e~*) = 0.0215, which 
from fig. 5 gives t = 1 hr. 10 min. (approximately). 

The §-ray dose from ®*Br associated with the 1,000 r. y dose 
is 0.24 times this quantity, or 240 r. 8 dose (cf. Table I). 

A similar method can be employed for **Na in which case 
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A frequent late complication of carcinoma of the breast and 
ovaries, and one seen not uncommonly in other malignant 
conditions, is the accumulation of fluid in the pleural and 
peritoneal spaces. This effusion may be straw-coloured or 
blood-stained, it is usually rich in proteins, and examination 
of the centrifuged deposit often reveals the presence of 
carcinoma cells, singly or in clumps. The rate of exudation 
tends to increase in spite of all forms of treatment, until at 
more and more frequent intervals paracentesis becomes 
necessary to control pressure effects. The consequent loss of 
water and protein from the body still further increases the 
patient’s misery. 

The pathological process involved in the production of these 
effusions does not appear to be well understood but, on the 
assumption that malignant involvement of the serous mem- 
brane is a necessary factor, anything that reduces the activity 
of the tumour might be expected to result in a decrease in the 
rate of formation of fluid. 

Conventional methods of radiotherapy have nothing to 
offer the patient and, in fact, the mere presence of an effusion 
is usually regarded as a contra-indication to radiotherapy. 
The one outstanding exception is the effusion which often 
accompanies giant follicular lymphadenopathy (lymphoid 
reticular reticulosis). With the availability of radioactive 
isotopes of high specific activity, however, it appeared that the 
introduction of a suitable material into the cavity concerned 
might serve two purposes. First, the lining membrane might 
be adequately irradiated and its pathological activity reduced 
or suspended. Second, viable tumour cells and fragments 
floating in the fluid might receive a lethal dose of radiation. 

Goldie & Hahn (1950) showed that the latter effect is, in 
fact, produced on a suspension of sarcoma-37 cells in the 
mouse. At the same time they produced evidence that active 
particles, of the order of 10-50 mu. in diameter, injected into 
the peritoneum are first engulfed in floating macrophages and 
then, when these cells disintegrate, the clumped -particles are 
immediately absorbed or adsorbed by tissue macrophages in 
the peritoneal wall. Some evidence regarding the fate of 
colloidal particles injected into the pleural cavity of the rat 
comes from Cooray (1949) who demonstrated their absorp- 
tion and fixation in specialized areas of the mediastinal pleura. 


-\t _ 0.386 X Dy x 10-8 
ap 





l—e 


and a different graph is drawn for (1 — ety against r, since 
T and 2 are different. The same procedure could be adopted 
for any other y emitter. 


Integral Dose 

The integral dose in circumstances of this type will not differ 
greatly from that in intracavitary techniques using radium. 
If a method similar to that used by Mayneord (1945) for 
calculating the integral dose in treating the cervix with radium 
is used, the integral dose can be shown in this case to be 
about 1.5 Megagm. r./1,000 r. of Dy. 


medicine, p. 142. (British Journal of Radiology, Supplement 
No. 2.) British Institute of Radiology, London 

Meyer, S. & Schweidler, E. (1927) Radioaktivitat. Teubner, 
Leipzig 








Following the injection of 200 mc. of radioactive colloidal 
gold into the peritoneal space of a patient with an effusion of 
6 1. in volume, Jentzer & Wanger (1950) found a specific 
activity in the abdominal lymph nodes greater than that in the 
fluid itself. A relatively high uptake of active material leading 
to actual radiation changes in the abdominal lymph nodes of 
the rabbit followed the intraperitoneal injection of colloidal 
1%8Au in work reported by Sherman, Nolan & Allen (1950). 
The amount of colloid absorbed during the short effective 
radiation period is, however, very small. Information on 
therapeutic trials of this method has come principally from 
Miiller (1951; see also Miiller’s unpublished report to the 
Medical Research Council, 1949), Jentzer & Wanger (1950) 
and Pluygers (1950). 

This paper is an account of a clinical technique developed 
and used since March 1950 at the Royal Cancer Hospital, 
London, with a discussion on dosimetry and a summary of 
investigations carried out on animals. The degree of palliation 
achieved in the treatment of 18 patients with pleural effusion 
and 16 with ascites is described, with brief mention of a 
possible extension of the method to the treatment of peritoneal 
seedlings disseminated before or at operation for carcinoma of 
the ovary. 


1. Use of a Colloid and Choice of '**Au 


The object of this form of treatment is to irradiate the walls 
of the chosen cavity as uniformly as possible, and therefore 
it is inherently required that the material used should localize 
in very close proximity to these walls. A solution would 
diffuse rapidly through the lining membrane, but particles of 
large size might not be able to do so. This is found to be the 
case with most colloidal particles, which once introduced into 
the cavity cannot leave it and reach the blood-stream. 

Several criteria must be satisfied in choosing a suitable radio- 
active colloid: (i) it must be composed of physiologically 
harmless elements; (ii) the particle size must be large enough 
to prevent dissemination; (iii) it must be stable to prevent 
uneven local precipitation; (iv) it must be available in high 
specific activity so that abnormally large volumes are not 
required; (v) it must have a relatively short half-life so that 
the whole of the dose is delivered in a reasonably short time; 
and (vi) though the radiation effect will primarily result from 
the 8 radiation, the presence of a proportion of y radiation is 
desirable so that the distribution of the material may be deter- 
mined externally. 

Red gold colloids containing the isotope }%Au (2.7 days 
half-life, 0.96 MeV maximum § energy, 0.41 MeV y energy) 
appear to fulfil these requirements more adequately than any 
other available colloid. The extremely small mass of gold 
used is unlikely to produce the harmful effects which some- 
times follow chrysotherapy. 


2. Preparation and Measurement of Source 


The colloid is prepared in its final form by the Isotope 
Division, Atomic Energy Research Establishment, Harwell. 
Metallic gold, 50 mg., irradiated in the pile is converted 
chemically to the colloidal form, the size of the constituent 
particles varying between 50 and 100 mz. In addition to gold 
the liquid contains sodium hydroxide (0.5 ml. of a 20% 
solution/100 ml.), gelatin (2 ml. of a 20% solution/100 ml.) 
and glucose (2.9 g./100 ml.), these constituents being added 
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to enhance the stability of the colloid. The total solid content 
is therefore about 3.4 g./100 ml. of sterile fluid containing 
about 250 mc. ™8Au and contained within a heavy glass 
ampoule surrounded by a lead vessel. 

At the Royal Cancer Hospital the ampoule is opened by 
cutting off its top (while still in its lead container) and by 
means of a remote-control pipette a small aliquot is trans- 
ferred to a glass tube for measurement purposes. The 
required volume is then transferred in the same way to a large 
glass flask. All the glassware used in these operations is 
sterilized. (Reheating of the colloid is to be avoided in view 
of the risk of precipitation.) During these procedures the 
operator wears special apparel covering the whole of the head, 
body and limbs, to avoid contamination. The protection 
afforded by distance and lead bricks results in less than 1 mr. 
being recorded on the condenser ionization chamber worn by 
the operator under normal conditions. 

A small aliquot of the solution, 1 or 2 ml., is measured on 
an optical bench using a y counter calibrated for this isotope 
by ionization methods. The performance of the system is 
checked with radium. On the day after the release of the iso- 
tope from Harwell, the activity is usually found to be 2-2.5 
mce./ml., and the specific activity of the solid matter is there- 
fore 2/0.034 = ~~ 60 mc./g. This method is used in preference 
to that of measuring the y radiation from the whole sample 
with an ionization meter, as the latter would include the 
activity due to precipitated gold which is not normally avail- 
able for use. Earlier colloids supplied from Harwell had, on 
occasion, as much as 80% of the activity precipitated on the 
bottom of the vessel., More recently, improvements in the 
method of preparation have overcome this defect and for 
some time no precipitation at all has been observed. In these 
circumstances a measurement of the total sample is, of course, 
valid. 

The procedure of introducing colloidal }*%Au into the 
peritoneal or pleural cavity must be carried out under sterile 
conditions and is therefore performed in the operating 
theatre. The active sample for purposes of introduction is 
transferred from the isotope laboratory to the operating 
theatre in a lead container and stored behind a lead barrier. 


3. Selection of Cases 


We at first accepted as suitable for attempted palliation every 
case in which there was formation of a pleural effusion or 
ascites which was, beyond reasonable doubt, malignant in 
origin. While fit patients tolerate the treatment well, however, 
those in poor general condition may deteriorate more rapidly 
than would have been expected. Patients in the latter group 
are now treated only when the presence of severe pressure 
symptoms or the necessity for frequent paracentesis demands 
relief. We have not, up to now, treated effusions complicating 
leukaemias, although Miiller (1951) states that these respond 
well, nor have we treated effusions arising in the course of 
non-malignant conditions. 

Attempts to eliminate seedling growths from the peritoneum 
have been made in those cases in which, at operation, the 
membrane has been found studded with small growths. The 
method is limited in its application as it is unlikely that the 
radiation emitted by '8Au can produce a lethal effect on 
nodules with a diameter of more than 4 or 5 mm. A small 
group of patients, in whom the contents of malignant ovarian 
cysts were spilled at operation, has also been treated in the 
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FIG. 1. APPARATUS USED IN THE ADMINISTRATION 
OF RADIOACTIVE COLLOIDAL GOLD 


The active material contained in a bottle held in remote-control 
tongs is tipped into the graduated cylinder 


hope of preventing the widespread dissemination which can 
follow such an accident. 


4. Management of Cases 
a. Patients with Pleural Effusion or Ascites 


These cases are admitted to hospital for about five days. 
After receiving premedication, the patient goes to the operating 
theatre where, following paracentesis under local anaesthesia, 
as much as possible of the effusion is removed by aspiration 
and a sample sent for cytological examination. In the case of 
pleural effusion, care is taken to admit as little air as possible. 
Then, after 50 ml. of warm, physiological saline have been 
administered, the bottle containing the suspension of gold is 
lifted from its lead container by remote-control tongs and 
tipped into the apparatus, as shown in fig. 1. Following the 
gold, a further 50 ml. of saline are run in to ensure that little of 
the active material remains in the apparatus. This brings the 
total volume of fluid administered to about 200 ml. The 
cannula is withdrawn and the skin puncture sealed by stitch or 
collodion. The whole of the radioactive apparatus is placed in 
a bin and removed for decontamination. Routine monitoring 
of the theatre and of personnel completes the procedure. 


Patients do not complain of discomfort during the ad- 
ministration, and at its completion they return to the ward. 
There, for the next two hours, they undergo a series of 
postural changes designed to disperse the active material as 
evenly as possible throughout the cavity. For the first hour 
the foot of the bed is raised, while the patient lies successively 
on her back, left side, abdomen and right side. The same 
routine is repeated during the second hour, with the head of 
the bed raised. A survey is then made with a Geiger counter 
to see whether the radioactivity is well distributed. If so, no 
further specific postural changes are made, but the patient is 
encouraged to move about as much as possible. 

If the radioactivity is shown to be unevenly distributed, the 
patient is placed in a position such as will favour more even 
dispersal. We have found that, after an interval ranging 
from a few hours to several days, further changes in position 
produce no further movement of the active material and we 
have assumed that the particles have become deposited on 
the serous membrane or become enmeshed in fibrinous 
exudate. On one occasion, measurements with the Geiger 
counter indicated that the active suspension had remained 
loculated at the site of injection. Under these circumstances, 
the dose delivered to the walls of the loculus would have been 
of the order of 40,000 r., so it was decided to remove the fluid 
by further paracentesis after 10,000 r. had been given. In this 
way some 55 mil. of the original 100 ml. were recovered, after 
which the remainder of the radioactivity was found to be 
satisfactorily distributed. 


b. Patients with Peritoneal Spread of Cancer but no Ascites 

In these cases, we have thought it best to open the peritoneum 
by a small incision. This procedure does not prolong the 
patient’s stay in hospital, nor does it increase materially her 
postoperative discomfort. Furthermore, it enables us to 
palpate the involved membrane and removes the risk of per- 
forating the gut. 

The abdominal wall is closed in layers around the cannula 
before the gold is given and the last skin suture tied as the 
cannula is finally withdrawn. After-treatment is as described 
in section 4a. 

c. Symptoms after Treatment. 

Symptoms of varying severity and duration have followed 
treatment. in about one-half of the cases. They have usually 
taken the form of nausea, often accompanied by vomiting, 
and flatulent dyspepsia. The nausea and vomiting may come 
on within four or five hours, but usually pass off within two 
days. The dyspepsia, however, though later in developing, 
may persist for seven days and has on one or two occasions 
lasted for one month. Antacid and carminative mixtures 
produce a measure of relief from these symptoms, but do not 
eliminate them entirely. 

The severity of symptoms appears to be related in part to 
the volume of fluid administered and we have, accordingly, 
reduced the volume we give from approximately 1 |. to the 
present level of 200 ml. In addition, the magnitude of the dose 
of radiation received appears to exert an effect and amounts of 
over 150 mc. are likely to produce unpleasantly severe after- 
effects. This finding is also reported by Miiller (1951). 


5. Distribution of Gold in the Body 


Gold colloids do not remain stable under all conditions and 
there is considerable likelihood of their precipitating once 
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theyJhave been administered. If this precipitation were to 
take’place uniformly over the surface, no serious results would 
ensue, in fact the aim of the treatment would, to a certain 
extent, have been realized; but if most of the colloid were to 
precipitate over a very few square centimetres a severe over- 
dose would be delivered to this area and serious local damage 
might result. 

In order to get some idea of the distribution of the gold 
colloid after administration, measurements of the y radiation 
may be made on the patient, using a collimated Geiger counter 
mounted externally. These measurements are usually carried 
out two hours after administration and then at daily intervals, 
unless the distribution is particularly abnormal. The activity 
has always been found to be localized to the cavity into 
which it was put. 

Any of the radioactive gold which is able to leave the peri- 
toneal or pleural cavity may be expected either to appear in 
the blood-stream and eventually in the excreta, or to remain 
in the regional lymph nodes. The radioactivity in the blood 
has always been found to be very low—a maximum of about 
7 uc./l. being found 24 hours after administration. The 
activity in the faeces has been found to be negligible and in 
the urine the maximum total amount has been, over a period 
of about four days, 40 uc./100 mc. injected into the peri- 
toneum. In our cases the activity in the regional lymph nodes 
has never reached measurable levels. 


6. Distribution of Colloidal Gold at Post-Mortem 
Examination 


Experiments with colloidal gold on rats have shown that 
the colloid was precipitated on the parietal peritoneum in a 
fairly uniform way (ranging from 1-3 times in density) but 
that a much greater activity was found on the omentum. The 
activity on the omentum appeared to increase with the length 
of time after administration, being about three times that on 
the parietal peritoneum after two hours and 50 times as much 
after five days. Even in the latter case, however, the amount 
on the omentum totalled only 10°% of the total amount 
injected. In one post-mortem examination on a patient 
treated for peritoneal carcinomatosis, rather less was found 
on the omentum. Although the omentum appears eventually 
to collect a greater density of colloid per square centimetre 
than any other area of the peritoneum, little of the active 
material is precipitated on it during the period in which most 
of the radiation dose is delivered. 

In organs outside the peritoneal cavity no radioactivity was 
detected except in the liver, but the activity in this organ was 
5,000 times less than that on the peritoneal lining (per gram 
of tissue in each case). 


7. Distribution of Activity as Determined by External 
Counting 

The objects of in vivo counting are: (i) to determine whether 
any appreciable amount of the activity has appeared in 
organs other than the cavity into which it was put; (ii) to 
determine whether there are any high local concentrations of 
88Au within the cavity itself; and (iii) to give information on 
the distribution of activity, which may help in assessing the 
dose. 

It is evident that a collimated counter may be expected to 
supply this information more satisfactorily than an uncolli- 


FIG. 2. DISTRIBUTION OF COUNTING RATE (IN 
COUNTS/SEC.) OVER THE SUKFACE OF A PHAN. 
TOM CONTAINING A RUGBY-FOOTBALL BLADDER 

(Axes 28 cm. X 15 cm. X 15 cm.) 


40 


20 


The football bladder contained 2,700 mi. of +**Au with a specific 
activity of 9.5 yuc./ml. at time of measurement 


mated counter. The counter used for this purpose at the 
Royal Cancer Hospital is a lead cathode counter (Type G.4) 
mounted in a cylinder of lead so that only a small cylindrical 
annulus of y rays can reach the counter cathode.The arrange- 
ment used is similar to that described by Veall (1950). The 
area of source “* seen” by the counter is only about 0.6 cm.” 
and it may easily be shown that, with the degree of collimation 
obtaining in this arrangement, a local concentration of the 
order of 1 mc. would be detected against the presence of 100 mc. 
of }8Au distributed throughout about 4,000 ml. in the peri- 
toneum. This degree of localization is probably sufficient to 
show local concentrations which are likely to have harmful 
effects. 

It is usually more convenient to compare the distribution 
determined on the patient with a standard distribution ob- 
tained in the same way, but for known concentrations and 
conditions. The practice in these cases is to place over the 
patient a Perspex bridge on which centimetre intervals are 
marked out and to place the collimated counter at right 
angles to the bridge and measure at, say, 2 cm. intervals over 
the whole of the region of interest. The counting rates are 
then plotted on graph paper and equinumeral lines drawn 
from them. Distributions obtained in this manner are shown 
in figs. 2, 3 and 4; first, for a rugby-football bladder filled with 
colloidal gold of known specific activity and measured in a 
water phantom, second, for a patient with the colloid in the 
peritoneum, and third, for a patient with the gold in the 
pleural cavity. Although the football bladder approximates 
only very roughly indeed to the clinical conditions, the 
distribution shown gives some idea of what may be expected 
from a radiating volume of known shape in which the activity 
is homogeneously distributed. The fact that in the arrange- 
ment used about 10 counts/sec./c./ml. are obtained, when the 
thickness of active fluid is 10 cm., is a useful guide in inter- 
preting the clinical distributions. 

Since local concentrations of the order of 1 mc. might be 
expected to double the counting rate at any one point, a com- 
parison of the distribution in the patient, although usually 
distorted, with the distribution obtained from the football will 
often show if local concentrations do exist. 
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8. Dosimetry FIG. 4. DISTRIBUTION OF COUNTING RATE (IN COUNTS/SEC.) 


: OVER THORAX OF PATIENT WITH COLLOIDAL GOLD IN 
Although clinical experience has already established the PLEURAL CAVITY 


order of the total amount of 1®*Au that can be administered 
to the pleural cavity without harmful effects, it is important 
to attempt an estimate of the dose delivered in réntgens to the 
lesired region in order to form some basis of comparison 
with other clinical techniques. The question becomes a vital 
one when for any reason the material injected does not 
distribute itself uniformly in the cavity and the radiotherapist 
has to decide whether or not the localized radioactivity is 
likely to produce harmful results. The decision whether to 
withdraw the material or not will have to be based on such 
-stimates of the dose. In the following section on dosimetry 
n attempt has been made to decide the average level of the 
ose in réntgens and the range it is likely to cover in parti- 
ular circumstances. 

The principal contribution to the dose will obviously come 
rom the 6 radiation, and its calculated value, for a given 
imount injected, will depend on the assumptions made regard- 
ng the distribution of material in the cavity. Unfortunately 
our knowledge of this distribution is not sufficient to enable us 
o state to what extent the assumptions made later are valid. 


~ “Mid line 
Chest wall 


505 


400 
4G. 3. DISTRIBUTION OF COUNTING RATE (IN | 30 | 
COUNTS/SEC.) OVER ABDOMEN OF PATIENT 


WITH COLLOIDAL GOLD IN PERITONEUM 82.5 mc. of 1*8Au were present at the time of counting. This distribution 


appeared to indicate that about half of this activity was localized to a small 
volume of about 100 ml. owing to adhesions within the cavity. It was 


believed that this would give a dangerously high dose and the volume was 
therefore tapped and 45 mc. in 70 ml. withdrawn. The distribution of counting 
10 rate then appeared normal 
We suggest, however, that they give a not unreasonable 


picture of the actual clinical situation. 


a. % Dosimetry 
The dosage rate due to the # particles (average energy 


(Egav) = 0.35 MeV) from '**Au in a medium of infinite extent, 
throughout which 7**Au is distributed uniformly with a con- 
centration of 1 mc./g., is given by: 


! 


dosage rate 

= 0.35 x 3.7 « 107 x 3,600 « 1.6 « 10-*ergs/g./hr. 

= 7.5 x 10‘ ergs/g./hr., or 800 r./hr. (1 r. = 93 ergs/g.). 
The total dose when | mc./g. has completely decayed (half- 
life of ***Au = 2.7 days) is given by: 
ie a 


dose = 7.5 x 10* x “o.603 *tes/8 


= 7.0 x 10° ergs/g. 
== 7.5 < 10* r. 


These calculations apply to the interior of a medium which is 

large compared with the range of the 8 particles. Near the 

edges of a finite medium the dosage rate will decrease to a 

value of one-half at the surface (provided there is no change 

in the medium at the interface). If the medium is a flat plane 

7X0 of infinite extent but finite thickness, the dosage rate at the 

surface will vary with the thickness until the thickness is equal 

60 y of 1°8Au we aantovand i earentonet: 3,000 yn - to the range of the 8 particles. The variation of dosage rate 
time counting. e thickness of the activity seen”’ y the H H 32 

counter is about 10 cm., for which the expected counting rate (see — thickness hh ney has been calculated for P by 

text, section 7) is 10 counts/sec. per yc./ml. Thus the expected oevinger (unpublis report) and verified experimentally 

4 by Sinclair & Blondal (1952). It is probable that this 

-ounting rate is x 10 = 200 counts/sec. 


3,000 variation applies to all 8 emitters (at least approximately) if 
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FIG. 5. VARIATION OF SURFACE DOSAGE RATE WITH 
THICKNESS OF SOURCE 


(B particles of '**Au, range 0.39 g./cm.’) 






50 100 150 200 250 


Abscissae: thickness of source (mg./cm.*) 
Ordinates: fraction of maximum surface dosage rate (F) 


the thickness is multiplied by the ratio of the range of the 
@ emitter to the range of **P 8 particles in a given medium. 
This method has been used to draw the curve of fig. 5 for #*Au. 
If the fraction of the maximum surface dosage rate is denoted 
by F, the surface dosage rate is given by 400 x F r./hr., and 
the total surface dose by 3.75 « 104 x F r., where F is ob- 
tained from fig. 5 for the thickness of plane source. 

In the clinical case, colloid suspension containing S mc. of 
‘98Au is injected into the pleural or peritoneal cavity so that 
total volume of fluid is V ml. Assuming that the activity of the 
colloid is homogeneously distributed throughout the injected 
volume, two approaches may be made to the estimation of the 
8 dose. Although in neither case are the assumptions which 
are made believed to hold exactly in clinical practice, it is 
suggested that the first approach may apply at least in some 
measure to colloidal gold in the peritoneal cavity, while the 
second approach may apply more nearly to the conditions in 
the pleural cavity. 


FIG. 6 CALCULATED AVERAGE SURFACE DOSE 
PLOTTED AGAINST VOLUME OF FLUID FOR 
100 mc. OF '*°Au 


(Half-life = 2.7 days; Eg, 0.35 MeV; surface area 
A = 10,000 cm.*) 


$00 1,000 1,500 2,000 2,500 
Abscissae: volume (ml.) 
Ordinates: average surface dose (r.) 
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i. Peritoneal cavity 


Suppose the V ml. containing S mc. are uniformly distri- 
buted over area A cm?. The thickness of active layer, t, is then 
V/Acm. If we find F for this value of t from fig. 5, the total 


, - . 
surface dose is 3.75 x 10* « F x y réntgens. If we assume 


values, S = 100 mc. and A = 10,000 cm.” (note: for A = 
10,000 cm.? the total area in contact with the active layer will 
be 20,000 cm.?), the dose may be calculated as in Table I for 
different values of V. In addition to the dose (which is an 
average dose based on the above assumption) calculated in 
this manner, the maximum possible dose for a given volume is 
given in the last column of Table I. A smaller area would be 
irradiated with this maximum dose. 


TABLE I. @-RAY DOSE (IN RONTGENS) FROM INTRA- 
CAVITARY ADMINISTRATION OF '**Au 
(Values calculated for various volumes of fluid injected) 




















V ? s/V Average dose | Maximum dose 
V (mi.) Azom. F (me./mi.) jwhen — 100 mc.}when . 100 mc 
| (r.) (r.) 
100 0.01 0.19 1.0 7,100 | 37,500 
200 | 0.02 0.34 | 0.5 6,330 18,600 
300 0.03 0.45 | 0.33 5,690 12,400 
400 0.04 0.56 0.25 5,210 9,320 
500 0.05 0.64 0.20 4,770 7,500 
600 0.06 0.71 0.165 4,360 6,210 
800 0.08 0.82 | 0.125 3,820 | 4 660 
1,000 0.10 | 0.90 0.10 3,360 3,750 
2,000 0.20 | 1.00 | 0.05 1,860 1.860 
4,000 0.40 1.00 0.025 932 932 





(For definition of symbols see text, section 8, a, i, it.) 


The variation of the average dose with injected volume is 
shown in fig. 6. 


ii. Pleural cavity 


In this case it is assumed that the volume, V ml., after 
injection spreads over an area, A, of the peritoneum such that 
the thickness of the resultant layer is equal to the range of 
the $ particles (0.39 cm. for *Au). If this layer were to re- 
main in the one position a small area (244 cm?. for V = 100 
ml.) would be irradiated with a high dose. The dose would in 
fact be the same as the maximum doses we have estimated in 
method (i), given in Table I, and evidently decreases as V 
increases. (Note that if the layer were thicker than the range 
of the 8 particles a smaller area would be irradiated and the 
dose would be the same.) If we assume that the “ range- 
thickness layer ”’ (i.e., the layer which has a thickness equal to 
the range of the % particles) moves about over the pleural 
cavity surface (during rotation of the patient for example) 
and is in contact with each part of the surface for the same 
time, an average dose of 4,640 r./100 mc. injected—assuming 
A = 2,000 cm.? for the pleural cavity—will be received by all 
parts of the surface independent of the volume injected and 
dependent only on the total activity. If this method of analysis 
were applied to the peritoneum (A = 10,000 cm.?), the 
average dose would be 932 r. 

It is possible that in both pleural and peritoneal cavities 
the real situation is represented partly by one of these methods 
of approach and partly by the other. The interesting fact is 
that both methods lead to approximately the same con- 
clusions: (i) that the surface dose may be expected to vary 
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vith injected volume in a manner somewhat similar to that 
given in fig. 6; (ii) that the risk of a high maximum dose is 
greater the smaller the volume injected, because of the higher 
‘oncentration; (iii) that the average dose received from 
100 mc. injected is of the order normally used in clinical 
practice, although under bad conditions doses as high as 
37,500 r. may be delivered. 

In the above calculations it has been assumed that the 
activity remains homogeneously distributed throughout the 
injected liquid. The possibility of precipitation of the active 
material on the walls of the cavity and particularly on the 
greater omentum must be considered. It is not often possible 
to obtain samples of the fluid at intervals after injection, but 
the few cases in which this has been possible seem to show that 
in general, with a good colloid, precipitation takes place only 
very slowly and, within the period of two to three half-lives, 
during which most of the dose is delivered, it is negligible. 
Some experiments carried out on rats have led to the same 
conclusion. With a poor colloid, however, precipitation may 
take place very rapidly and almost the whole of the colloid 
may precipitate in less than 24 hours. In these circumstances, 
the total possible dose due to the precipitated layer may be 
calculated. If we assume that the solid matter of the colloid 
(i.e., gold + gelatin + glucose) deposits in an even layer over 
an area, A, of the peritoneum, we can calculate the surface 
dose using fig. 5, having obtained the thickness of layer from 
the specific activity. The specific activity of solid matter of 
the colloids now being used is about 60 mc./g. If A were as 
small as 100 cm.?, a dose of about 1,000,000 r. is possible, for 
100 mc. injected. When A = 1,000 cm.? the dose is of the order 
of 140,000 r., and when A = 10,000 cm.? it is about 14,000 r. 
External measurements with a counter, and subsequent 
examination post mortem in a few cases, have shown that in 
general the colloid is fairly uniformly distributed over the 
peritoneal lining and therefore the latter figure, 14,000 r., is 
probably close to the actual dose. The concentration of 
colloid on the omentum may be two to three times greater 
than that on the rest of the peritoneal lining and the parts of 
the omentum may therefore receive about 35,000 r. These 
considerations show that, although precipitation is to be 
avoided because of the risk of local “‘ high-spots,”’ the dose is 
not very different from that in solution, provided the precipi- 
tation is uniform. 

b. y Dosimetry 

Since the total volume occupied by the colloid is approxi- 
mately spherical, we may assume this simple geometrical 
shape for the purpose of calculating the y dose. The maximum 
dosage rate will be given by: 


4zkea r./hr. at the centre, 


where k = 2.46 r./hr./mc. at 1 cm. for ™*%Au (for decay 
scheme, see Cavanagh, 1951), 


100 mc. 
e= Fra = 0.0239 mc./g., 


and a (the radius of the sphere) = 10 cm. approximately. 
Taking these numerical values, the dosage rate at the centre 
of the sphere is 7.36 r./hr. The total y-ray dose during the 
decay of the whole amount of isotope is: 
7.36 X 2.7 x 24 
0.693 


r. = 688 r./100 mc. administered. 


The mean y dose is three-quarters of this, or 515 r., and the 
value at the surface of the sphere is about 344 r. 


Although this brief analysis greatly over-simplifies the 
situation, it is unlikely that acute variations in y dose occur 
(measurements with a y counter mounted externally bear this 
out) and in any case the values found are considerably smaller 
than even the average 8 dose. 


9. Integral Dose 


An exact calculation of the total energy absorbed during 
treatment is difficult and beyond the scope of this report. It 
will suffice to survey briefly the main features and so establish 
the order of the integral dose. 

The whole of the $-ray energy released will be absorbed 
within the body, but part of the absorption will take place 
within the cavity fluid itself. If it be assumed that such fluid 
is biologically inert, the energy absorbed within it makes no 
contribution to the effective integral dose. The total 8 energy 
available from 100 mc. is 7.0 x 108 ergs or 7.5 Megagm. r. 
Referring to Table I, if V = 100 ml., 90% or 6.7 Megagm. r. of 
8 energy is absorbed outside the fluid, while if V = 4,000 ml., 
only 10% or 0.75 Megagm. r. are absorbed outside the fluid. 

The total y emission from 100 mc. amounts to 8.5 Megagm. 
r. In practice not all of this energy is absorbed. The integral 
dose in the sphere itself can be shown (using the method of 
Mayneord, 1950) to be about 2 Megagm. r. Of the remaining 
energy, only about one-tenth is absorbed within the body and 
the y integral dose does not therefore exceed 3 Megagm. r. It 
appears, therefore, that the effective integral dose may be as 
low as 4 Megagm. r. and in any case has an upper limit of 
about 11 Megagm. r. for 100 mc. administered. 


10. Results 
a. Palliation of Pleural Effusion and Ascites 


The success of a method, the sole aim of which is palliation, 
must be weighed on the rather delicate balance of symptoms 
relieved against symptoms produced. Undoubtedly, of the 
patients treated, rather fewer than half have complained of 
nausea, vomiting and flatulent dyspepsia. Just as certainly, 
over half have had one or more remissions in the formation of 
their effusions, with consequent relief of pressure symptoms 
and respite from paracentesis. To simplify presentation, 
palliation has been graded as good where the effusion was 
reabsorbed or remained stationary for some months, and fair 
where fluid has continued to form but at a slower rate. The 
actual results are set out in Table II, which shows that patients 


TABLE Il. RESULTS OF PALLIATIVE TREATMENT OF 
MALIGNANT EFFUSIONS WITH COLLOIDAL '**Au 


Symptoms caused |} Palliation achieved 
Number' 
of 
treat- Severe 
ments |} Nil | Mild | or pro- |] Good | Fair | Nil 
tracted 


Num- 
ber of | Alive | Dead 


effusion 


Ascites 


Continued at foot of page 172 
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The use of dyestuffs as vital stains in neurosurgery has been 
known for a number of years. Thus Sorsby, Wright & Elkeles 


198Au IN MALIGNANT EFFUSIONS 
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with pleural effusions have, on the whole, fared better than 
those with ascites. In such a small series, however, little im- 
portance attaches to this. We feel that the measure of relief 
afforded the majority of patients has considerably out- 
weighed the relatively minor post-therapeutic symptoms and 
that the method has been of some value. We propose to 
continue its use for an extended period, modifying it if 
necessary in the light of further experience. 


b. Treatment of Peritoneal Carcinomatosis 


Ten patients have been treated in whom, at operation for 
carcinoma of the ovary, seedling growths were discovered in 
the peritoneum. Of these patients, four have died, having 
survived treatment for a mean period of six months. One who 
had ascites, in addition, has now survived 18 months, the only 
sign of recurrence having been a small mass in the Pouch of 
Douglas. This was treated with radium in the vagina and has 
diminished in size. There has been no recurrence of ascites in 
this case. 
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aid in the diagnosis and localization of brain tumours. Patients 
subjected to craniotomy or needle biopsy were injected with 
the dyestuff immediately before operation, and the brain 
tissue was then examined under ultra-violet light. Of the 
patients suspected of having brain tumours, and examined by 
this method, 96 showed tumours fluorescing under ultra-violet 
light, 8 showed tumours which did not fluoresce, and 6 showed 
no tumour and no fluorescence. In only one patient examined 
was fluorescence shown but no tumour found. The technique 
depends on the break-down in abnormal tissue of the so-called 
“ blood-brain barrier ” which normally prevents the diffusion 
into the central nervous system of dyestuff ions (Goldman, 
1913; Broman, 1949). 

With the advent of radioactive isotopes, it seemed possible 
to modify the technique by injecting a radioactive derivative 
of the dyestuff and subsequently observing local concentra- 
tions of radioactive material by means of a directional counter 
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Five other patients have been treated who, at operation for 
carcinoma of the ovary, suffered spill of the contents of the 
malignant cyst into the peritoneal cavity. Of the five, one has 
died, but the remaining four so far show no sign of recurrence. 

The value of intracavitary irradiation as a curative method 
can obviously not be assessed until a much larger series of 
cases is under observation. It may well be, however, that 
either alone or in combination with conventional radio- 
therapy, it may prove worthy of consideration in the groups 
of cases defined above. 
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been shown by Arnott & Doniach (private 
communication) and by LeRoy et al. (1951) 
to amount to no more than 2% of the in- 
jected dose. The latter must be limited to 


FIG. 1. DIAGRAM OF HEAD UNIT OF SCINTILLATION COUNTER 





approximately 1 mc. if a radiation hazard 
to the patient is to be avoided; therefore 
the clinical problem resolves itself into the 
detection and localization of some 20 uc. 
of radioactive material distributed non- 
uniformly throughout the brain. It has been 
stated by Moore et al. (1950) that the con- 
centration of activity in tumour tissue may 
be as high as 17 times that of normal brain, 
although such high differential concentra- 
tions must be regarded as exceptional. 

In the studies by Moore, Ashkenazy 
and their co-workers, the measurements of 
activity were made with a Geiger-Miiller 
counter. Because of the low counting rates 
obtainable from such an instrument at the 
expected levels of radioactive concentra- 
tion, we have preferred to use a specially 
designed scintillation counter having a 
considerably higher sensitivity towards y 
radiation. The present paper describes 
studies made at the Royal Cancer Hospital, 
London, with such an instrument. 





1. Description and Calibration of 
Apparatus 

The scintillation counting apparatus used 
in the investigations has been described in 
detail elsewhere (Belcher & Evans, 1951a), 
but it is convenient at this stage to give an 
abbreviated account of its construction and 
performance. 

The scintillation counter depends for its 
operation on the fact that certain crystals 
may emit a flash of light when an ionizing 
particle (or y ray) enters them. These flashes are of short 
duration (of the order of 1 usec.) and have low intensity, 
but are readily detectable by a photomultiplier which is in 
effect a highly sensitive photocell. The resultant electrical 
pulses from the photomultiplier are amplified and counted by 
suitable electronic units. 

The technique is particularly valuable in measuring y radia- 
tion, since efficiencies of the order of 50%, expressed as counts 
per incident quantum, are readily obtainable, whereas in the 
case of the Geiger-Miiller counter an efficiency of even 5% is 
very difficult to achieve. Moreover, the detecting element can 
be a crystal of small dimensions so that the accurate localiza- 
tion in vivo of radioactive material becomes possible. 

However, the scintillation counter has certain disadvan- 
tages, the chief of which is the high “‘ noise ” background that 
results from the emission of random electrons from the 
cathode of the photomultiplier. This background is depen- 
dent on temperature and amounts to some 10,000 electrons/ 
sec. at room temperature, but falls off rapidly at lower tem- 
peratures. The background pulses are, in general, smaller 
than those produced by true scintillations in the crystal and, 
if the latter is mounted near the photomultiplier tube, the 
background can be reduced by an electronic circuit which 
selects only the larger pulses for counting; such a device is 
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: Perspex light-guide 
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known as a “pulse amplitude discriminator.” In many 
clinical applications it is necessary to separate the crystal 
from the photomultiplier by means of a “ light-guide ” con- 
sisting of a polished rod of transparent material which con- 
ducts the light pulses to the cathode of the photomultiplier. 
The lower optical efficiency of such an arrangement makes 
the reduction of background by pulse amplitude discrimina- 
tion impracticable, and it is therefore necessary to achieve 
this result by cooling the photo-multiplier. In the instrument 
described, cooling in liquid nitrogen reduces the “ noise ” 
background from about 8,000 counts/sec. at room tempera- 
ture to a value rather less than 1 count/sec. 

The choice of crystal is very much a matter of compromise. 
In the apparatus described, thallium-activated potassium 
iodide is used although this material has a high natural 
background due to the presence of the radioactive isotope of 
potassium, “°K; calcium tungstate would be preferable on 
account of its higher y-ray absorption, but is unobtainable in 
large single crystals. Sodium iodide is in some ways an im- 
provement on potassium iodide since it contains no naturally 
occurring radioactive isotope, but its phosphorescent decay is 
too long to permit its use under the conditions in which the 
apparatus is used. 

The photomultiplier is the R.C.A. Type 1.P.21 with a gain 
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FIG. 2. DIAGRAM OF HEAD UNIT OF SCINTILLATION COUNTER: 
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of approximately 2 x 10%. A sectioned diagram of the head 
unit is shown in fig. 1. The crystal is a cylinder, approximately 
10 mm. in diameter and 7 mm. thick and is cemented to the end 
of the Perspex light-guide with Canada balsam. The photo- 
multiplier is completely surrounded by a liquid nitrogen jacket, 
suspended from the outer case by a thermally insulating ring, 
and the Duralumin tube housing the light-guide is also insu- 
lated by means of a Keramot sleeve. Since the photomulti- 
plier is sensitive to y radiation and since Perspex luminesces 
to a limited extent, lead shielding is provided for both these 
components. 

The crystal is surrounded by a lead collimator of aperture 
12 mm., as shown in figs. 1 and 2. A Perspex cap, fitting 
over the end of the collimator, carries a pointer marking the 
centre of the cone of collimation, and the back-pointer arm 
shown in fig. 2 provides a second point on the axis of this cone. 
In this way, the apparatus can be set up very accurately along 
fixed lines through the human head. 

A schematic diagram of the electronic apparatus is shown 
in fig. 3. The photomultiplier is operated at 100 V./stage, at 
which the makers’ value for gain is 2 x 10*; the amplifier 
Type 1008 is used at its full gain of 16,000 times and the discri- 
minators in the scaler and rate-meter are set at their minimum 
value of 5 V. Under these conditions, the normal background 
counting rate is approximately 30 counts/sec., of which the 
photomultiplier accounts for less than 1 count/sec., the re- 
mainder being largely due to the activity of the naturally 
occurring “°K isotope in the crystal. 

The counter was calibrated by measuring the counting 
rates observed when a point source of ™I of known activity 
was placed at the centre of the cone of collimation at a distance 
of 1 m. in air from the front face of the crystal and then 
moved laterally in a plane at right angles to the axis of collima- 
tion. Owing to penumbra effects, the limits of the cone of 
collimation are not sharply defined; the counting rates fall 
off gradually as the source moves away from the axis, as 
shown in fig. 4, in which due allowance has been made for the 
deviation of the source movement from an arc of a circle. 
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20 
cms 


If the dimensions of the crystal are 
known and also its linear absorption 
coefficient for y radiation of the appro- 
priate energy, it is possible to calculate 
the number of quanta absorbed in the 
crystal when it is irradiated by a source 
of known activity at a known distance 
(Belcher & Evans, 1951b). Provided 
that each quantum absorbed produces 
a single scintillation and that all scintil- 
lations are recorded, the calculated 
figure will equal the observed counting 
rate. 

\ Performing such a calculation for 1 
| me. of 1%] at 1 m., using the dimensions 
} of the crystal quoted earlier and assum- 
ing the decay scheme for #*4I described by 
Metzger & Deutsch (1948), with correc- 
tions for internal conversion of y rays cal- 
culated by Putman (1950), the calculated 
value of the counting rate is 51.6 counts/ 
sec., to be compared with the observed 
counting rate of 72 counts/sec. derived 
from fig. 4. The discrepancy between 
these values is explained by the fact that 
thallium-activated potassium iodide shows a delayed phos- 
phorescence (Belcher, 1950), each scintillation persisting for 
some milliseconds after the absorption event which produces it. 

A proportion of the phosphorescent photons may register 
counts under conditions of high gain and of low pulse ampli- 
tude discrimination dnd thus the absorption of. a single y 
quantum in the crystal may produce more than one count in 
the scaler or rate-meter. In calculating counting rates, it is 
necessary to correct for this effect, which increases in magni- 
tude with increasing y-ray energy. 


2. Preliminary Experiments 
a. Experimental Results with Phantoms 


In order to investigate the experimental limitations of the 
method, measurements were first made on a “ phantom” 
containing known amounts of !4I. A skull was filled with a 
homogeneous solution of gelatin in water simulating normal 
brain tissue and containing 0.033 uc. of 'I/ml. of gelatin; 
this was allowed to set. Cylindrical glass vessels of various 















FIG. 3. SCHEMATIC DIAGRAM OF SCINTILLATION 
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The type numbers refer to electronic units designed and supplied 
by the Atomic Energy Research Establishment, Harwell 
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FIG. 44 POLAR DIAGRAM SHOWING RESPONSE OF 
COLLIMATED COUNTER TO 1 MILLICURIE OF 
‘311 AT 1 METRE 














c/s: counts/sec. 


diameters, containing aqueous solutions of ™I simulating 
regions of increased radioactive concentration, were then 
embedded in the gelatinous medium. These vessels all con- 
tained 20.1 uc. of I, but differed in volume. They were 
placed with their centres at the same point, this point being 
chosen at random in the left parietal region. In each case, 
counting rates were measured with the collimated scintillation 
counter from a number of standard positions lying in a hori- 
zontal plane, in directions parallel and perpendicular to the 
sagittal plane. This method of examination was the same as 
that later to be used on the patient and is shown diagram- 
matically in fig. 5. Figure 6 shows the counter set up in this 
way along the directions 1-1’. Some typical results of these 
phantom measurements are summarized in Table I, all count- 
ing rates being corrected for background effects and for 
counter paralysis time, and rounded off to the nearest integer. 
The total background during this series of measurements was 
32 counts/sec. 
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FIG. 5.5 DIAGRAM aa gg POSITIONS OF 
KULL 





TABLE |. COUNTING RATES DUE TO SKULL 
PHANTOM CONTAINING INCLUSIONS OF 
VARIOUS SIZES 

















pon oe Counting rate (counts/sec.) 

i i Homogeneous | Homogeneous | Homogeneous 
erry ot | cst [medium | Meu th | medi with | medi ith 
_ —_ iad inclusion inclusion inclusion 

| a 73 88 98 98 

2 . 60 123 108 88 

2’ 6’ 68 58 5 48 

3 ci 73 92 93 98 

4 ¥ 68 198 158 158 

5 5’ 68 58 63 58 

i 3 68 83 83 83 

a 4 68 103 98 103 

> 5 58 58 63 58 

6 z 48 78 78 73 

I’ | 48 68 73 73 

6’ ? 38 32 48 48 


b. Theoretical Discussion of Results 


In order to compare the observed counting rates shown in 
Table I with those predicted on theoretical grounds, it is 
necessary to evaluate separately the contributio.: to the total 
counting rate of the cylindrical inclusions and of the extended 
medium filling the skull. These calculations must, moreover, 
be made for each position of measurement in turn. 
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FIG. 6. 


ALIGNMENT OF COUNTER ON PHANTOM 





To a first approximation, the small cylindrical inclusions 
may be regarded as point sources of equal activity, and this 
approximation considerably simplifies the calculation of their 
contribution to the total counting rate. The counting rate due 
to a point source in an absorbing medium can be readily 
obtained by a method similar to that already mentioned for a 
point source in air. Corrections are in this case included for 
absorption of y radiation in the medium filling the skull and 
also for absorption in the skull itself and in the subcutaneous 
tissue. A correction is also made for the reduced efficiency of 
the counter when the source lies off its axis of collimation, 
and for the increased counting rate due to the delayed phos- 
phorescence of the luminophore, referred to earlier. 

In Table II, the theoretical counting rates calculated in this 
way for a point source of 20.1 uc. in the appropriate position 


TABLE Il. OBSERVED AND CALCULATED COUNTING 
RATES DUE TO 3 mil. INCLUSION ONLY 





Direction of collimation 





Calculated Observed 

—E counting counting 
rate rate 

Point of Point of (counts (counts 
entry exit sec.) sec.) 
| 19 15 
2 6 47 63 
y 6 2 0 
3 3 28 20 
4 4 120 130 
5 ¥ 9 0 
cy 3 17 15 
4’ + 37 35 
5’ 5 6 0 
6 2 3| 30 
’ { | 19 20 
6’ r 3 | 0 
| 


| 


are compared with the observed rates derived from the data of 
Table I for the 3 ml. source. There is seen to be good agree- 
ment between the theory and experiment, and it should thus 
be possible to relate the observed counting rates to absolute 
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uptake of radioactive material in small concentrating lesions. 
The linear absorption coefficients for bone and soft tissue 
used in these calculations were those calculated by Spiers 
(1946). Those for potassium iodide were derived from data 
for lead quoted by Siri (1949). 

The evaluation of the contribution to the total counting 
rate of the extended medium filling the skull is more difficult, 
because of its irregular shape, and because the medium does 
not always fill the cone of collimation of the counter. For 
these reasons an exact solution of this problem is not possible, 
but an approximate answer can be found by somewhat 
laborious graphical methods in the following manner. 

Take, as a typical example, the measurement in which the 
axis of the counter is directed along the line 1-1’ (fig. 5) 
The skull is considered as divided into sheets of unit thickness 
by a series of vertical planes at right angles to the axis of 
collimation of the counter. The active material in each 
successive sheet is considered as if it were replaced by an 
equivalent point source localized at the point of intersection 
of the axis of collimation with the sheet, due allowance being 
made for the directional properties of the counter. The 
contribution of this localized point source is then determined 
as already described, and the total counting rate obtained by 
summation over the entire skull. 

In determining the equivalent activity of the point source 
replacing any one sheet, allowance must be made for the 
directional properties of the counter. This is conveniently 
done by dividing the cone of collimation into a series of zones 
of equal contribution, such that the annuli defined by the inter- 
section of these zones with an infinite flat sheet of homogeneous 
active material make'an equal contribution to the counting 
rate. Figure 7 shows such a series of zones, calculated from the 
data shown on fig. 4, whilst fig. 8 shows their intersection with 
the vertical cross-section of the skull through the points 44’ 
(fig. 5). By plotting such diagrams as fig. 8 on squared paper, 
one may estimate the fractional number of filled zones in each 
successive sheet. If this number be u, the radius of the central 


FIG. 7. DIAGRAM OF ZONES OF EQUAL 
CONTRIBUTION 
2z2 410987654352 1 2345678910 uw t2 





For determination of zones of equal contribution see text, section 2b, 
paragraph 6 
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FIG. 8. DIAGRAM OF VERTICAL SECTION OF SKULL 
THROUGH 44 


(Number of filled zones = 7.6) 





For method of estimating number of filled zones, see text, section 2b, 
paragraph 6 


zone r, and the radioactive concentration of the medium o, 
he equivalent point source for the sheet will have strength s’, 
where 

xs =axr'a, 


Taking o = 0.033 uc./ml. and the appropriate dimensions 
for the skull, and evaluating m graphically for vertical sections 
of the skull 1 cm. apart, the counting rate along the direction 
i-1’ is estimated at 55 counts/sec. This must be compared 
with the observed value of 73 counts/sec. quoted in Table I. 
In view of the errors inherent in the graphical methods used, 
the agreement between these two figures is not unreasonable. 


c. Conclusions 


It has been shown possible in the above analysis to relate 
the observed counting rates to the absolute concentrations of 
ictive material in the normal brain and in a region of increased 
uptake of radioactive material. It should be emphasized at 
this point, however, that the phantom experiments related to a 
uniform concentration of activity in normal brain tissue. Such 
conditions are not to be expected in clinical practice: varia- 
tions in the vascular character of the tissue, and radiation 
reaching the counter from other body organs, notably the 
liver, may profoundly modify the observed counting rates. 

Nevertheless, some idea of the limitations of the method 
can be gained from the results of the phantom experiments, 
if it be assumed that a uniform concentration of activity in 
normal tissue does in fact obtain. It has been shown that a 
concentration of '*4I of 0.033 uc./ml. produces a maximum 
counting rate of 73 counts/sec. in the scintillation counter 
described. Thus the concentration of 0.014 uc./ml. expected 
in the normal brain following the injection of 1 mc. of [1*#I]- 
diiodofluorescein will give a maximum counting rate of 30.5 
counts/sec. This, in conjunction with the total background 
of the instrument of 32.5 counts/sec., gives a total counting 
rate of 63 counts/sec. If it is considered possible to detect a 
20% change in this value due to a concentrating lesion, the 
smallest detectable region of increased activity would give an 
increase in the counting rate of 12.6 counts/sec. Such a 
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counting rate would be given by a point source of some 5 uc. 
at the centre of the brain, to take the most unfavourable case. 
Assuming a radioactive concentration in the lesion of ten 
times that in normal brain tissue (possibly an optimistic 
assumption), the smallest detectable lesion at the centre of the 
brain would have a volume of 5/0.14 ml. or 36 ml. If the 
centre of the lesion were 5 cm. from the surface, this figure 
would be reduced to 14 ml. The relationship between the 
sensitivity of the method and both the relative concentration 
in the lesion and its depth below the surface is apparent. 


3. Clinical Procedure and Results 


In the clinical studies (de Winter, 1951}, approximately 1 mc- 
of 131[ in aqueous solution of pH 8-9 was injected intra- 
venously into the antecubital vein, in the form of ['#!I]. 
diiodofluorescein, the total volume of the injection being of 
the order of 2 ml. 

In order to find the variation of activity within the skull, in 
relation to the time after injection, the first few cases were 
examined as follows: the counter was placed over a standard 
point situated just above the external occipital protuberance 
(fig. 9) and directed horizontally along the sagittal plane. 
Measurements of counting rate were taken at this position 
immediately after injection and at intervals over a period of 
several hours thereafter. A typical graph is shown in fig. 10. 
There is a very rapid fall of activity during the first twenty 
minutes and detailed examination is not practicable during 
this period. The optimum time for examination was found 
to be between two and four hours after injection, when 
differential concentrations could most readily be observed; 
it will be seen that this corresponds to a fairly gently sloping 
section of the curve of fig. 10. Detailed examination of 
patients was therefore carried out during this period. 


FIG. 9. METHOD OF EXAMINATION OF PATIENT 
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FIG. 10. VARIATION OF COUNTING RATE WITH along the lines 3-3’, 4-4’ and 5-5’, while 


be er ele CURMSARD POSS 8 nay gives the readings along lines 3’-3, 


4’-4 and 5’-5. Backgrounds were measured 
on either side of the head, with the counter 
directed parallel to the line 1-1’ but so 
situated that the collimator shielded the 
crystal from direct radiation from the 
patient; the background quoted on the 
chart (fig. 12) is the mean of two such 
readings taken one on each side of the 
head. 

The following features were found to be 
the general rule in the series of patients 
examined: the curves were convex relative 
to the “distance” axis, and the three 
longitudinal readings taken from the front 
of the skull were higher than the corre- 
sponding readings taken in the reverse 
direction, i.e., from the back of the head. 
This result is to be expected and may be in 
part attributable to the fact that more 

6 7 gHours Stray radiation reaches the counter from 
TIME AFTER INJECTION trunk and limbs when the counter is in 
¢/s: counts/sec. front of the patient. 


Wee aan atlas oF He eens FIG. 11. RESULTS OF MEASUREMENTS ON PHANTOM 
counter along the lines shown in fig. 5 was o Tt. 
ensured by providing for each patient a WITH 3 mi. INCLUSION 
closely fitting plaster cap, on which points 5 
were previously marked with the aid of a 
special apparatus. By means of the grid 
system (fig. 5), it was possible to compare 
with some precision symmetrical positions 
on both sides and also at the front and 
back of the head. The lines 2-6, 2’-6’ 
and 3-3’, 5-5’ were at a distance of 4 
cm. from the lines 1-1’ and 44’ respec- 
tively, all points lying in a_ horizontal 
plane. 

Figure 11 shows the results of the phan- 
tom measurements with the 3 ml. inclusion 
described in section 2a. The counter was 
first set with the entry pointer on point 1 
(see fig. 6) and directed along the line 1-1’ 
with the help of the exit pointer. The 
counting rate was then plotted as point A, 
the number of counts/sec. recorded being 
shown on the vertical axis of the figure 
and the standard position of the counter 
(the “* distance’) on the horizontal axis. 
Correspondingly the counts obtained along 
the lines 2-6 and 2’-6’ gave the points B 
and C respectively. Thus the line BAC 
gives a graph of the activity as seen from 
the back of the skull. Similarly, the line 
DEF gives the distribution as seen from the 
front of the skull. For the lateral readings 
the diagram is rotated anti-clockwise 
through a right angle, counts/sec. being 
plotted on the top horizontal scale, and DISTANCE 
“ distance ” on the vertical scale; the line c/s: counts/sec. 

LMN corresponds to the readings taken For full explanation of fig. 11 see text, sections 2a, and section 3, paragraph 4 
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FIG. 12, RESULTS OF MEASUREMENTS ON PATIENT WITH TUMOUR 
IN LEFT TEMPORAL REGION 
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Curves A, P, L, and R give the distribution of radioactivity as measured at the standard 
positions of the skull from the front (A), from the back (P), from the left (L) and from 


the right (R) 


(Cf. fig. 11 and explanation in text, section 3, paragraphs 4 & 7) 


The total number of cases examined was 34 (Table III); 
the diagnosis of brain tumour could, however, be verified in 
only 20 of these. Of the remaining 14 unconfirmed cases, 
only one, a case of possible angiomatous malformation, was 
positive, probably due to the locally increased blood volume. 
This case cannot, however, be regarded strictly as an example 
of localization by means of ['*!I]-diiodofluorescein, since 
the greatly increased vascularity of this region would have 
permitted its detection by any radioactive medium in the blood 
and in fact, had Na been injected, it is probable that an even 
more pronounced indication would have been obtained. 

Only one out of the verified tumours investigated was 
definitely found by means of [*!I]-diiodofluorescein. In this 
case, the activity over the whole brain was greatly increased 
and counting rates over the suspected tumour area were 
markedly higher, as compared with symmetrical control areas. 
The extent of the tumour could also be traced with a fair 
degree of accuracy. The findings were subsequently confirmed 
by ventriculography, craniotomy and biopsy, the tumour 
proving to be a spongioblastoma situated in the left temporal 
region. The chart for this patient is shown in fig. 12 and the 
position of the tumour is indicated in the inset diagram. 
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Of the remaining 32 cases, there was none in which definite 
localization could be made by this method, even allowing the 
most liberal interpretation of the results. 

In conclusion, it can therefore be stated that, in our hands, 
this method has so far failed to give any definite information 
as to size and position of cerebral tumours in the great 
majority of cases so investigated. The original work of 
Moore, and of Ashkenazy and his co-workers (Ashkenazy 
et al. 1949), who, in a series of 104 cases, claim 95% accuracy 
in the localization of cerebral tumours by ['*!I]-diiodo- 
fluorescein, could not be confirmed. Our observations on 
patients indicate that, at the time of measurement, the effect 
of vascular activity on counting rates is much greater than 
that of the activity absorbed in tissue. Four hours after a 
dose of 1 mc., some 20 uc. (i.e., 2%) can be observed in the 
brain. A similar amount, e.g. 25 pc., was found at post- 
mortem examination in the brain of a patient suffering from a 
brain tumour, who died 20 hours after injection of 1 mc. of 
[4241]-diiodofluorescein. If it is considered, (i) that the uptake 
in the brain is only a small fraction of the total amount in- 
jected, (ii) that there is wide variation in the vascular character 
of the brain and other tissues, (iii) that the radiation from the 
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TABLE Ill. 





Patient 
number 


Sex 
(M: male) | Age | 
oem | 


Diagnosis 


Patient 
number 





WONIAMAWN— 


Group 1. Verified brain tumours 





ZZ BZIrnIIannIanNIsnsnsn 


Glioma 
Astrocytoma 
Astrocytoma 
Glioma 
Astrocytoma 
Astrocytoma 
Glioma 
Astrocytoma 
Oligodendroglioma 
Astrocytoma 
Glioma 
Meningioma 
Astrocytoma 
Astrocytoma 
Meningioma 
Meningioma 
Acoustic neuroma 
Glioma 


Astrocytoma 
Glioma 





Left parietal 

Right parietal 

Right parietal 

Right parietal 

Right cerebellar 

Right parietal 

Pons 

Right parietal 

Left parietal 

Right frontoparietal 

Right parietal 

Left parietal 

Left parietal 

Right frontotemporal 

Left sphenoid ridge 

Right occipital 

Left cerebellopontine 

Right parieto- 
occipital 

Right temporal 

Left parieto- 


Sex 
(M: male) 
(F: female) 


Zzananunzsn ZunszzIn nm 


Age Diagnosis 


RESULTS" OF ATTEMPTED LOCALIZATION OF BRAIN TUMOURS IN 34 PATIENTS 





Group 2. Not verified 


? Subdural 
toma 

? Internal 
thrombosis 

? Hypertension 

? Expanding lesion 

? Expanding lesion 

Craniopharyngioma 

? Disseminated 
sclerosis 

?Cyst of septum 
pellucidum 

? Idiopathic epilepsy 

? Idiopathic epilepsy 

? Idiopathic epilepsy 

? Cerebellar abscess 

Necrosis induced by 

32p 


haema- 


carotid 


Angiomatous  mal- 


formation 


Right 


Right 

Right 

Right frontal 
Left frontal 
Pituitary fossa 


? 


Septum pellucidum 
Right 

Left 

Right 

Left frontal 


Left parietal 
Left parieto- 
temporal 


occipital 








liver produces a right-sided asymmetry in all cases, (iv) that 
the selective concentration in tumour tissue (claimed by Moore 
to be up to 17 times that of normal brain tissue) could not be 
observed in any one of the six surgical specimens removed at 
craniotomy from normal and neoplastic brain areas of the 
same patient (Arnott & Doniach, private communication), 
it will be seen that the detection of even a 20% change in 
the counting rate due to local concentration of activity will 
become extremely difficult and that any observed asymmetry 
may prove inconclusive. Even one positive case, possibly due 
to an unusual degree of vascularity, is of interest, however. 
This may prove to be a useful method of physiological in- 
vestigation, even if of little value in tumour localization. 
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Agents for labelling red cells fall into two classes, those that 
can be introduced into the red cell in vitro by physical or 
chemical processes, and those that can be introduced only in 


vivo by the body’s metabolic processes. The former class 
contains carbon monoxide (Root, Roughton & Gregersen, 
1946), **P (Hevesy et al. 1944) and *4Cr (Gray & Sterling, 
1950), while the latter contains the human blood group 
specific substances (Barnes, Loutit & Reeve, 1948a) and those 
isotopes, such as ®*Fe (Gibson et al. 1946b), 1°N (Shemin & 
Rittenberg, 1946), and !*C (Bale et al. 1949), that can be built 
into the haemoglobin molecule metabolically. The labels that 
can be introduced in vitro have advantages for making 
measurements of red-cell volume, for in general they can be 
introduced fairly rapidly, and they can be attached to the cells 
of the animal or man on whom it is desired to experiment. 
This latter point is important, for both man and animals have 
distinct blood groups, and red cells metabolically labelled in 
a donor man or animal may react with agglutinating sub- 
stances in the recipient’s plasma and be damaged and rapidly 
removed from the circulation. 


1. **P as an Agent for the Labelling of Red Cells 


The properties of a red-cell label depend on how firmly and 
to what part of the red cell the label is attached. If mammalian 
whole blood is incubated at 37°C. with a minute quantity of 
Na,HPO, containing **P, labelled phosphate ions diffuse into 
the red cells. Provided the quantity of total phosphate is 
small, in one hour about 30% of the added **P enters human 
red cells (Reeve & Veall, 1949). On entry the **PO, ions 
exchange with the *!PO, ions already there, and take part in 
the phosphorylations of the red-cell carbohydrate cycle, 
becoming attached to trioses and hexoses (Hevesy, 1948). 
As a result the **P that has entered the cell becomes loosely 
bound and at body temperature in the blood-stream is lost 
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from the cells only slowly. In man and the rabbit the rate of 
loss averages about 6% of the total **P per hour (Reeve & 
Veall, 1949; Armin et al. 1952). 

The ease of measurement of a label depends in part on the 
quantity of the label that can be introduced into the red cells, 
and calculations show that a very large number of **P atoms 
can be introduced into a small volume of red cells. Thus 1 ml. 
of human red cells contains about 0.5 mg. acid-soluble 
phosphorus or approximately 10'* *!P atoms, with which the 
32P atoms can exchange. One-tenth millicurie of radioactive 
phosphorus contains approximately 6.6 x 10!2 **P atoms, so 
that it is necessary to exchange only one **P atom for every 
1.5 millionth *4P atom to obtain the very high activity of 
0.1 mc. of **P/ml. of red cells. One ml. of human red cells 
contains about 10!° cells, and therefore this activity requires 
the introduction of about 660 **P atoms/cell. Since “ carrier- 
free ’ **P of high specific activity can be obtained, it is thus 
possible to prepare small volumes of red cells with very high 
radioactivity. 


2. Preparation of Red Cells Labelled with **P 


For measurements of red-cell volume we need labelled cells 
containing a known quantity of **P in a suspending medium, 
either plasma or saline, containing negligible **P. The method 
of preparation is simple and is described for human red cells. 
Ten ml. of heparinized blood freshly drawn from the experi- 
mental subject are incubated at 37° C. with 0.1 or 0.2 ml. of a 
stock solution containing 10 uc. of **P with a minute quantity 
of carrier phosphate. After about 60 minutes, when 2.5-3 uc. 
32P have entered the cells, the blood is cooled, and the plasma 
and the *P which has remained in the plasma are washed 
away with several washings of ice-cold physiological saline. 
The washed cells are then suspended in isotonic saline or, if 
preferred, plasma. The method is fully described by Reeve 
& Veall (1949). 

The quantity of **P entering the cells in a given time can be 
determined sufficiently accurately from graphs of the type 
shown by Reeve and Veall, in which the average percentage of 
32P entering the cells is plotted against the time of incubation. 
32P-Jabelled phosphate does not enter the cells of all mammals 
at the same rate, for though the rates of entry into red cells 
of human and rabbit are comparable, in the horse **P enters 
very much more slowly (Levi, 1945), and hence it is wisest to 
determine the average rate of entry of the labelled phosphate 
into the red cells of the species used with the method of incu- 
bation employed. 

Two points of importance in technique must be stressed. 
First, during the labelling process, the red cells must be 
treated so as to minimize any damage to them. Thus they 
must be handled gently, not exposed to impurities in the **P 
stock solution or wash fluid that might damage them, and 
are probably best incubated for a period of not more than 
60-90 min. Second, considerable care is required in the pre- 
paration and storage of the stock solutions containing **P 
that are incubated with the whole blood. These must be kept 
free from particles (such as dust) and maintained sterile, for 
32P adsorbs to certain types of particles and becomes concen- 
trated in growing bacteria. If the stock solutions become con- 
taminated with dust or micro-organisms, particles containing 
high concentrations of **P may be formed, and during the 
washing of the red cells it may prove impossible to separate 
these particles from the cells. When suspensions of red cells 





contaminated with active particles are injected, the particles 
are rapidly removed from the circulation, thus causing con- 
siderable errors in estimation of circulating red-cell volume. 
One method of preparation and storage of stock solutions of 
32P found satisfactory by the author is described by Armin 
et al. (1952). 


3. Measurement of **P Content of Labelled Red Cells 


A number of methods has been devised. Hevesy and his 
collaborators (Hevesy et al. 1944) digested samples of red cells 
which had been packed by centrifugation, added excess 
phosphate, precipitated the total phosphate of the digest as 
magnesium ammonium phosphate, and presented this to an 
end-window Geiger-Miiller counter. Nylin (1945a, 1945b) 
dried and powdered packed red cells and presented a thin 
layer of these to an end-window Geiger-Miiller counter. 
Zerahn (1948) designed a special cuvette to present wet packed 
cells to an end-window counter. The digestion and precipita- 
tion technique is time-consuming; packed cells are glutinous 
and not easy to handle accurately, and they contain a small 
proportion of adherent plasma. The Geiger-Miiller counter 
developed by Veall (1948) has much simplified the estimation 
of the **P content of biological fluids. This consists of a thin- 
walled cylindrical glass counter, with a glass jacket surround- 
ing the sensitive region. The distance between the glass 
jacket and the counter wall is 2 mm. and the jacket holds 
10 ml. of solution. The efficiency of the counter for **P in 
solution is about 5%, as claimed by Veall, but the author’s 
experience suggests that it is rather higher. These counters 
when properly shielded have a low background count of 
about 10 a minute. 

To estimate the **P content of a sample of blood or of 
packed cells with Veall’s counter, the cells in the sample are 
lyzed with saponin and diluted with a suitable diluent to give a 
known volume rather greater than 10 ml., and the resulting 
solution is poured into the jacket of the counter. It is im- 
portant that the cells should be completely lyzed and that the 
32P should be evenly distributed. A diluting fluid is therefore 
used which holds the haemolyzed blood in solution and which 
contains excess phosphate to minimize adsorption of **P to 
the glass wall of the counter. To secure complete haemolysis, 
an active preparation of saponin must be used. A number of 
workers have found this technique simple, rapid, and accurate. 
It avoids the difficulties of extracting phosphate, of handling 
packed cells, and of devising methods of presenting the **P in 
solid form with constant geometry to an end-window Geiger- 
Miiller counter. 


4. Dosage of **P Required for Estimates of Red-Cell Volume 


Because of the potentially harmful effects of the 8 radiation 
from **P, as small a dose of **P as is required for an accurate 
estimate of cell volume should be injected into man. Reeve 
and Veall made precise estimates from the dilution of 
injected labelled cells containing 2-3 uc. **P. They discussed 
in detail the radiation dosage from this quantity of **P and 
concluded that several times this quantity was harmless. For 
experimental animals much greater doses may be used. To 
indicate the quantity of **P required for the estimation of cell 
volume in different animals, Table I shows the quantity of 
32P in the labelled cells that must be injected and the volume 
of the blood samples that must be drawn to secure a counting 
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TABLE !. THE DOSAGE OF **P FOR MEASURING THE 
CELL VOLUMES OF SOME MAMMALS, AND THE 
VOLUMES OF THE BLOOD SAMPLES REQUIRED 
TO GIVE ABOUT 500 COUNTS/MIN. IN VEALL’S 
COUNTER (Veall, 1948) ; 


(The blood samples are diluted to 10 ml. before counting) 














Suggested volume | ssp conte 
Mammal he ancl een tebotted ae Ms soe 
(ml.) al (mi) cae (uc.) (mi.) 
Man | 5,000 | 3-5 3 5 
Dog 1,000 | 1-5 3 | 
Rabbit | 150 1-2 | 0.5 
Rat | 10 0.1 | 0.3 0.1 











rate of about 500 counts/min. from the diluted samples in 
Veall’s counter. Suggested volumes of labelled cells for 
introduction into the circulation are also shown. In the rat 
the suggested volume requires the introduction of about 
3 uc. of **P/ml. of red cells, which—as indicated by the 
theoretical calculations given in section 1—is about 20 atoms 
of *?P per red cell. 


5. Measurement of Red-Cell Volume with Red Cells 
Labelled with *?P 


Red-cell volume (V) is determined from the equation 
V = N/n, where N is the total quantity of **P injected into 
the circulation in the tabelled cells, and 1 is the quantity of 
%2P in unit volume of circulating red cells when the injected 
labelled cells have mixed evenly through the circulating red 
cells. To determine N, 1 ml. of the labelled cells is diluted 
until the counting rate is close to that of the diluted blood 
samples in which the estimates of m are made. For accuracy 
the specific gravity of this dilution should also be close to that 
of the diluted blood samples. Then N = counting rate x 
dilution <x volume of labelled cells injected. Two problems 
arise in determining n. The first is to determine when the 
injected labelled cells are sufficiently evenly distributed 
through the circulating cells, for values of n obtained when the 
labelled cells are unevenly distributed might result in false 
estimates of red-cell volume. Suppose that, at intervals after 
an injection of labelled cells, blood samples are withdrawn 
and the quantities of **P in unit volume of red cells are deter- 
mined. If no loss of labelled cells or label occurs, the samples 
initially will show some fluctuation in label content whilst 
mixing through the circulation, but afterwards will show a 
steady content. If label or labelled cells are lost slowly, this 
slow loss will be superimposed on the above picture; there 
will be the same initial fluctuations, but then the label content 
will slowly decline. Now the value required for n is the value 
that would be obtained if the labelled cells were evenly 
distributed through all the cells, and clearly this is the value 
obtained once the value for m becomes constant or starts 
slowly to decline over time, though it does not follow that at 
this time labelled cells are evenly distributed through all the 
cells (Reeve, 1948). 

The **P content of blood samples drawn at intervals after 
an intravenous injection of red cells labelled with **P at first 
rises to a peak, then rapidly falls, and finally reaches a fairly 
stable concentration. In recumbent man a stable concentra- 
tion is usually reached by 5 minutes after the injection (Nylin, 





Brit. med. Bull. 1952 


%P FOR MEASUREMENT OF BLOOD VOLUME E. B. Reeve 


1945b). If samples are withdrawn from man, starting 
10 minutes after an injection of washed red cells, the *2P 
concentration of the red cells shows a gradual decrease which 
averages about 6% of the total per hour (Reeve & Veall, 1949). 
To determine the value for n in man, therefore, an interval of 
about 10 minutes is allowed after the injection of labelled cells 
and then blood samples are withdrawn at intervals of 10 
minutes or so. From the *?P concentrations in these samples 
the rate of loss of **P from the blood is determined, and by 
extrapolation the concentration that would have been obtained 
had the injected labelled cells been instantaneously distributed 
through the circulating cells. Because of the slow rate of loss 
a satisfactory alternative is to determine the mean *?P con- 
centration of the several samples and to correct for the average 
rate of loss, using the mean time at which the samples were 
withdrawn after the injection. 

The second problem in determining n is to determine what 
is unit volume of red cells. Since whole blood samples are 
easier to handle than samples of packed cells, the quantity of 
32P is determined in unit volume of whole blood, and the 
volume of cells in the blood sample is determined by the 
haematocrit method, in which, after the cells are packed by 
centrifugal force in a calibrated tube, their volume is read off. 
Ordinarily 1-3% of the total cells by volume, depending on 
the species and state of the animal, are white cells, which are 
packed on top of the red-cell column; but since the white- 
cell layer often contains some red cells, and white cells may be 
trapped in the red-cell column, the haematocrit measures total 
cells more accurately than total red cells. Many modifications 
of the haematocrit method exist. A common procedure is to 
spin heparinized blood in calibrated tubes of 3 mm. bore 
containing columns of blood of 100 mm. length, in centrifuge 
heads with a radius of 150 mm. from the bottom of the centri- 
fuge tube to the centre of the centrifuge spindle, at 3,000 r.p.m. 
for 30 minutes. This applies a force of about 1,500 x gravity 
to the bottom of the blood column. No haematocrit method 
causes complete packing of the cells and hence these methods 
give an over-estimate of the cell volume in the blood sample 
by the amount of plasma in the interstices between the cells. 
Workers have disagreed on the quantity of this plasma, but 
when the haematocrit method is used as defined above, much 
evidence (reviewed by Leeson & Reeve, 1951) shows that 4-5 % 
of the packed cell column of human blood consists of plasma. 
With the above haematocrit method 4-5 % of the packed cell 
column of dog and rabbit blood also consists of plasma 
(Gregersen & Schiro, 1938; Leeson & Reeve, 1951). Hence, 
to determine the true cell volume of a blood sample from these 
species, the packed cell volume is determined by the above 
haematocrit method within an hour or two of drawing the 
blood, and the observed cell volume is corrected by multi- 
plying it by 0.95. It is probably wisest to measure total cell 
volume and to express V as the volume of total cells. This 
volume will be 1-3 % greater than the red-cell volume, depend- 
ing on the proportion of white cells present in the drawn blood, 
and the:extra 1-3 % will not accurately represent the volume 
of circulating white cells unless these are distributed evenly 
with the red cells. But uneven distribution of white cells is 
unlikely to cause an appreciable error in measuring total cir- 
culating cell volume. 

A third point deserves mention. If repeated samples of 
blood are drawn from man, splenectomized dog, or rabbit, 
the blood samples often show a small progressive decline in 
haemoglobin concentration and packed cell volume, and the 
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probable explanation is that the withdrawal of even quite 
small amounts of blood initiates a diluting mechanism by 
which new fluid is added to the plasma. Now in man and the 
rabbit it is unlikely that significant stores of red cells exist, 
and new red cells are added only slowly to the circulation. 
(In the normal dog, which has proportionately a huge spleen 
compared with man and rabbit, red cells can be added rapidly 
to the circulation.) Once labelled cells are mixed with circu- 
lating cells, the quantity of labelled cells present in a blood 
sample will be determined by the quantity of total cells present, 
and therefore a dilution of the circulating cells will result in a 
dilution of the labelled cells. Thus to determine the true rate 
of loss of *?P from labelled cells, correction must be made for 
the apparent loss due to dilution. This is best done by a for- 
mula of the type suggested by Noble & Gregersen (1946), 


A . 2 
C=C, x ra where C is the corrected concentration of the 


n 

nth sample, C,, is the observed **P concentration of the nth 
sample, A, is the cell volume or haemoglobin concentration 
of a reference sample, and A, is the cell volume or haemo- 
globin concentration of the nth sample. The first sample after 
the marked cell injection is taken as the reference sample. 
Then the resulting **P contents of the other samples are those 
(within the errors of the methods) that would have been ob- 
tained had the cell content of the blood remained constant 
at the level it held in the first sample. If an accurate method of 
haemoglobin estimation is available, this is preferable to cell- 
volume determinations, for changes in total white cells or 
swelling or shrinking of red cells may cause small errors in 
the estimates of red-cell dilution. 


6. Comparisons of Estimates of Red-Cell Volume Given by 
Different Methods 


Few simultaneous estimates of red-cell volume have been 
made in man or animal by red cells labelled with **P and by 
red cells labelled with another agent. Hevesy et al. (1944) 
compared the estimates obtained in man by red cells labelled 
with carbon monoxide with those given by red cells labelled 
with *?P and found that the latter were considerably smaller 
than the former. However, their use of the carbon monoxide 
method is open to criticism, since they made no correction for 
any carbon monoxide in the subjects’ blood before the ad- 
ministration of the carbon monoxide, and this may cause con- 
siderable errors in the estimate (Root et a/. 1946). Berlin et al. 
(1949) found reasonable agreement in the rat between esti- 
mates of the red-cell volume obtained with red cells labelled 
both with ®*Fe and with **P. They preferred the **P method 
because of its greater simplicity. 

An estimate of cell volume (C) can be obtained from the 
plasma volume (P) determined by the dye method and the 
percentage cell volume in the peripheral blood (#7) deter- 
mined by the haematocrit method with correction for trapped 
plasma, from the equation C =P x Ht/(100— Hz). A 
number of workers have compared estimates obtained by this 
method (most have used the blue dye T-1824 to measure 
plasma volume), with estimates obtained with various 
labelled red-cell methods. Table II summarizes some of the 
results on dog and man. In this table is shown the mean of 
the ratio 

red-cell volume by labelled cell method 
red-cell volume by dye haematocrit method 








TABLE tl. RATIOS CALCULATED FROM SIMUL- 
TANEOUS ESTIMATES OF PLASMA VOLUME BY DYE 
METHOD, CELL VOLUME BY LABELLED-CELL 
METHOD, AND HAEMATOCRIT MADE BY VARIOUS 
W ORKERS (see Reeve, 1948) 


(All results were calculated from haematocrit values 
corrected for trapped plasma) 








a Labelled uncor- 
° abelle : 
; - Dye rected Mean ratio: 
Reference | peired | redcell | method |haemato-| " AS* 
: cri 
trons value 
Dog 
Hahn etal. (1942) 18 Radioactive Brilliant 41.1 0.81 
iron vital red 
Gibson et al. 40 Radioactive T-1824 46.3 0.86 + 0.103 
(1946a) iron 
Hopper Tabor & 16 Carbon T-1824 41.6 1.01 
Winkler (1944) monoxide 
Root et al. (1946) 7 Carbon T-1824 46.0 0.98 
monoxide 
Man 
Hevesy et al. 8 sp T-1824 41.7 0.86 
(1944) 
Gibson et al 40 Radioactive T-1824 42.4 0.87 + 0.056 
(1946a) iron 
Barnes et al. 20 Ashby T-1824 41.3 0.88 
(1948a) 
a & Veail 13 ssp T-1824 44.7 0.87 + 0.025 
(1949) 
eee et ol. 40 =p T-1824 44.8 0.83 + 0.106 
(1950) 
—— et al. 35 ap T-1824 54.8 0.75 + 0.076 
(1950) 
Hopper et al. 13 Carbon T-1824 43.2 1.02 
(1944) monoxide 
Root et ol. 14 Carbon T-1824 45.1 0.98 
(1946) monoxide 
Courtice & 20 Carbon T-1824 46.0 1.03 + 0.041 
Gunton (1949a). monoxide 





*A = red-cell volume determined by labelled-cell method 
B = red-cell volume determined by dye-haematocrit method 


for each pair of estimates, with, in a few cases, the standard 
deviations. Now, if the two estimates agreed within the errors 
of the methods, the ratio should be close to 1.0. Table II 
shows that in both man and dog on the average the carbon 
monoxide estimate of cell volume is very close to the dye 
haematocrit estimate. This has also been shown to be true 
for the rabbit (Courtice & Gunton, 1949b). However, if we 
look at the ratios when the radioactive iron, radioactive 
phosphorus, and blood-group difference methods are used to 
mark the red cells, it is seen that in all instances the ratios are 
well below 1.0, and in adult man they are close to a value of 
0.87. If we may assume that when used on a given species the 
dye haematocrit method in the hands of different groups of 
workers gives comparable estimates of red-cell volume and 
that the labelled-cell methods were used with a reasonable 
degree of accuracy, then this evidence strongly suggests that 
in man, at least, estimates of red-cell volume by red cells 
labelled with radioactive iron, radioactive phosphorus, and 
by a blood-group difference show agreement. Why then do 
cells labelled with carbon monoxide give a higher estimate of 
red-cell volume than the other marked-cell methods—for the 
above evidence implies this? The most likely reason is that a 
proportion of the carbon monoxide, which is the most loosely 
bound of the labels, rapidly escapes from the labelled cells. 
In favour of this view it is known that some iron-containing 
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substances in the tissues, such as myoglobin, have a high 
affinity for carbon monoxide. 

Thus the evidence at present available indicates that in 
man and the rat estimates of cell volume obtained with **P- 
labelled cells agree with those obtained by other labelled-cell 
methods in which the label is firmly fixed to the cells, but are 
lower than those obtained with carbon monoxide labelled cells. 


7. Determination of Blood Volume 


In the past the usual method of determining blood volume 
has been to determine either plasma volume (P) with a dye 
method, or cell volume (C) with a labelled-cell method, and 
the percentage of cells in the peripheral blood (H?#) with the 
haematocrit method, and thento determine blood volume (BV) 
P x 100 Cc x 100 ; 
100 — Hi?" BV= i With 
these formulae, clearly the value for Ht must be corrected for 
the plasma trapped in the packed-cell column of the haemato- 
crit (Gregersen, 1944), though many workers made no such 
correction. Now the results summarized in Table IT show that 
precise estimates of blood volume cannot be obtained with 
either of these formulae; for if firmly labelled cells give 
correct estimates of cell volume, and if the T-1824 dye 
method gives a correct estimate of plasma volume (and at 
present we have no definite evidence to disprove either of 
these assumptions, while we have a good bit of evidence in 
favour of accepting them), then the best estimate of blood 


a P x 100 
volume is given by (P Md C), and hence the formula 100 — Hi 


Cc x 100 
Ht 
rather an underestimate. This may be illustrated in the rabbit. 
If we measure true blood volume as the sum of plasma volume 
determined with T-1824 and cell volume determined with 


P x 100 
32p. Bo aR a md 
P-labelled cells, then the formula 100 — Hr °" the average 


C x 100 
Ht 


from the formulae BV = 


will give rather an over-estimate and the formula 





gives an 8% over-estimate, and the formula 


18% underestimate (Armin et al. 1952). 

To determine blood volume by making simultaneous esti- 
mates of cell volume with labelled cells and plasma volume 
with dye is time-consuming and technically not easy, and there- 
fore it would be of considerable advantage if blood volume 
could be derived from either measurements of cell volume 
and haematocrit or plasma volume and haematocrit. This 
requires the use of suitable correction factors which must be 
determined from simultaneous estimates. Let Ht = the 
volume of cells in 100 ml. of blood, and S = the volume of 
plasma in 100 ml. of blood; then we may write the conven- 
tional formulae for determining blood volume as [<= or 


Ht 
- . : . 
ae and we may introduce correction factors to bring 


the volumes given by these formulae on the average to the 


, C x 100 
volumes given by (C + P), thus, BV = (C + P) = Ht xf, 
P x 100 


xh’ In this article we need concern ourselves only 
2 
with the derivation of total blood volume from measurements 


of cell volume made with **P-labelled cells and the percentage 
of cells in the peripheral blood measured with the haematocrit 
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TABLE Ill. THE MEAN VALUE FOR THE RATIO (f,): 
PERCENTAGE OF CELLS IN TOTAL BLOOD/PER- 
CENTAGE OF CELLS IN PERIPHERAL BLOOD 


(Values calculated from the observations of various 
workers) 





Regression equation 
relating percentage 
of cells in total 
blood (Y) to per- 
centage of cells in 
peripheral blood 
(Ht) 


Mean and 
range of Mean value 
haematoe for f, (with 
crit standard 
values deviation) 


Number 
of 
Reference paired | Species 
observa- 


0.915 + 0.012] Y = 0.832 Ht + 3.64 
0.895 + 0.067] Y = 0.835 Ht + 2.55 
0.868 + 0.044] Y = 0.877Ht — 0.27 
0.85 + 0.034 | ¥Y = 0.858 He — 0.2 


Reeve & 
Veall (1949) 
Nachman et ‘ 
al. (1950) (25.6-59.1 
Mollison 35 ; 
et al. (1950) (infant) | (19.9-66.2) 
Armin et al. Rabbit 35.5 
(1952) (29.2-42.0) 





C x 100' 
Ht xJ,° 
where C is the cell volume determined with **P-labelled red 
cells, and the problem is to determine from simultaneous 
estimates of C, P, and Ht the best value for f,. The equation 


Cc x 100 c Ht x f; 
SO eR = 1 
( P) Ht xf, may be rearranged as CaP 100 


: Cc ., - . 
The ratio CaP is the proportion of cells in total blood, and 


when expressed as a percentage has been termed the “ body 
haematocrit,” but is more precisely termed the “ percentage 
of cells in total blood.” The value of f, is then determined 


method. The appropriate formula then is BV = 


Cc — Ht 
from CaP divided by 100 °° from 


percentage of cells in total blood 
percentage of cells in peripheral blood’ 


Table III summarizes data and calculations made by four 
groups of workers from simultaneous estimates of plasma 
volume with T-1824, cell volume with **P-labelled cells, and 
peripheral cell volume with the haematocrit method. Reeve & 
Veall (1949) and Nachman et al. (1950) made observations on 
adult man; Mollison, Veall & Cutbush (1950) made ob- 
servations on new-born infants, and Armin et al. (1952) 
made observations on adult rabbits. The table shows the 
mean and the range of the percentages of cells in the venous 
blood as determined by the haematocrit method and the mean 
value for the ratio 


percentage of cells in total blood 
percentage of cells in peripheral blood 


with its standard deviation. As we have seen, this ratio gives 
us the mean value for the correction factor f,, and the stan- 
dard deviation gives a measure of its variability. The value 
calculated from Reeve & Veall’s (1949) results, 0.915, has the 
low standard deviation of + 0.012, but the series consisted 
of only 13 fit young men. In making calculations from the 
results of Nachman eft al. (1950), both the haematocrit values 
given by them and the estimates of cell volume have been 
corrected by multiplying by 0.96, for this is probably a fair 
estimate of the amount of trapped plasma in their haemato- 
crit packed cell columns for which they made no correction. 
Their mean value for f, of 0.895 is close to that of Reeve and 
Veall, but the standard deviation of + 0.067 is five times as 
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great. This may be partly due to greater variation in their 
material—they were dealing with patients convalescing from 
a variety of diseases with a wide range of haematocrit values— 
and partly due to a less precise method of handling the 
samples containing **P than that used by Reeve and Veall and 
the other groups of workers. Mollison et al. (1950) found, in 
new-born infants with a wide range of haematocrit levels, a 
lower value of f, of 0.868 with a standard deviation about 
four times that of Reeve and Veall. Lastly, in 29 rabbits, 
Armin et al. (1952) found a value of 0.85 with a standard 
deviation of + 0.034. 

In the right-hand column of Table III are shown the 
regression equations determined by the method of least 
squares, relating percentage of cells in total blood (Y) to 
percentage of cells in peripheral blood (Ht). Armin et al. 
(1952) calculated from their data that in 95% of cases an 
estimate of blood volume, from the cell volume determined 
with *2P-labelled cells and the percentage of cells in total 
blood determined from the regression equation and the 
haematocrit value, would agree within 6% with the com- 
bined estimate obtained from simultaneous estimates of cell 
volume by *2P-labelled cells and plasma volume by T-1824. 
Approximate calculations made from the data of Reeve & Veall 
(1949), Mollison et al. (1950) and Nachman et al. (1950), 
using the regression equations of Table III, show agreements 
within 4% (Reeve & Veall, 1949), 7% (Mollison et al. 1950) 
and 15% (Nachman et al. 1950) in 95% of cases with the 
combined estimate. 

8. Discussion 

What is the precision of the estimates of circulating red-cell 
volume obtained with **P-labelled red cells? To get precise 
estimates, technique must be good. Thus the circulatory state 
of the man or animal must be stable, blood samples must be 
withdrawn without stasis and must represent true samples of 
the peripheral blood, the packed cell estimates on the samples 
must be accurate and the dilutions of the standards and 
samples for presentation to the counter precise. As with all 
radioactive methods, care needs to be taken to avoid con- 
taminating glassware with minute amounts of strongly radio- 
active solutions, and this requires a rigid routine of decon- 
tamination of glassware. But the above precautions will not 
secure precise estimates unless the method works precisely in 
the animal and it is therefore necessary to assess the possible 
errors that may occur. The equation for determining cell 
volume, V = N/n, displays the possible errors. With care the 
error of determining N, the total quantity of **P injected in 
the washed red cells into the animal, is negligible. Therefore, 
errors can arise only in the estimation of n, the quantity of 
32P-labelled cells in unit volume of cells when the labelled cells 
are evenly distributed through total cells. The estimate of n 
might be too high or too low. The two possible reasons for 
too high an estimate of m are incomplete distribution of 
labelled cells through total cells or errors in technique (such 
as radioactive contamination). The former error should be 
avoided by estimating the **P content of samples drawn at 
intervals, and hence it is improbable that the estimate of n 
will be too high and thus the estimate of cell volume too low. 
Possible causes of obtaining too low a value for n are uneven 
distribution of the labelled cells, and undetected removal of 
injected cells, or their **P label, from the circulation. If **P is 
lost slowly and continuously from the circulating blood this 
loss will be detected by the decline in concentration in **P 
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shown by the samples ; but if it is lost early and rapidly, the 
loss may go undetected. Such a loss will result in an under- 
estimate of m and an over-estimate of cell volume. The 
apparent agreement in man of estimates obtained by **P- 
labelled cells with those obtained by cells labelled with such 
different labels as group-specific substance and haemoglobin 
containing radioactive iron indicates that the **P estimate of 
total cell volume is close to true total cell volume. 

How should we explain the difference between the per- 
centage of cells in the peripheral blood and the percentage of 
cells in total blood? Is this difference due to errors in method, 
or is it real; and if it is real, why should the total circulating 
blood be more dilute in cells than the peripheral venous 
blood ? The ratio, cells in total blood, is determined from the 


formula We have concluded above that the *?P esti- 


= # 
C+P 
mate of total cell volume, C, is probably near the true estimate, 


Se : c 
and, if this is so, too low a value for the ratio CaP must 


result from too high an estimate of P, the plasma volume, with 
the dye T-1824. The same considerations apply to errors in 
determination of plasma volume with T-1824 as to errors in 
determination of cell volume with labelled cells, that is, the 
estimate is very unlikely to be too low; but if some undetected 
dye escapes from the plasma shortly after its injection, or the 
dye as well as being distributed through the plasma is distri- 
buted through a portion of the lymph, then too high an esti- 
mate of plasma volume will be obtained. The question of over- 
estimates of plasma volume by the T-1824 method has been 
discussed by Root ef al. (1946), Barnes, Loutit & Reeve 
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The introduction of the use of radioactive materials into 
medicine has made it possible, during the past ten years, to 
approach the problem of haemodynamics from a new angle. 
Data are now available on observations carried out by three 
main methods which together offer a hitherto unobtainable 
over-all picture of the blood flow. The techniques employed 
in these studies will be briefly discussed under separate sections 
since the measurements given by each are of too diverse a 
nature for a general comparison. 


1. Direct Measurement of Blood Flow between Two 
Defined Points 


Measurements of blood velocity have been made by many 
methods during the past half century. Hitherto, measure- 
ments have relied upon the introduction into the blood-stream 
of some substance which has been detectable by the produc- 
tion of a specific reaction when it reaches some site of the body 
remote from the site of injection, such as saccharin or de- 
cholin which produce a sensation of taste, or cyanide which 
causes a reflex gasp when it reaches the respiratory centre. 
The regions at which intravascular substances are able to 
produce such specific reactions are few, so that the techniques 
available have been limited in scope. Moreover, the end 
points of such reactions are obtained either by the subject who 
indicates to the observer that he has experienced the specific 
sensation, or by the observer himself who notes a reflex change 
in his subject. Such methods are necessarily somewhat in- 
accurate since the timing of the end point is dependent upon 
the reaction times of one and often two persons. 

A further source of uncertainty in these blood velocity 
methods is caused by the long and complex nature of the 
circulatory course over which the measurements are made. 
The injection of the test material is commonly made intra- 
venously in the arm or leg, while the end point is recorded on 
the arterial side after it has passed with the blood through the 
heart, the lesser circulation and back through the heart to 
reach the site where the specific reaction is evoked. So com- 
plex a route, whose length and nature cannot be ascertained 
with any accuracy, makes the interpretation of results diffi- 
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cult, since changes in velocity in any region through which 
the test material flows can alter the results without necessarily 
being referable to the route as a whole. The methods which 
have most commonly been used are ably reviewed by Bellis 
(1943), who sets out for comparison some of the results 
recorded with different techniques. 

An attempt to overcome the personal element in recording 
circulation times was made by Blumgart and his colleagues 
(Blumgart & Weiss, 1927; Blumgart & Yens, 1927). To 
these workers lies the credit of pioneer experiments with radio- 
active materials for this purpose. Sodium chloride was ex- 
posed to radium emanations so that radium C was deposited 
on the salt. Isotonic sterile saline, made from this irradiated 
NaCl, was injected into the cubital vein of one arm and its 
arrival in the arterial blood of the other arm was recorded by 
a screened cloud chamber. Their observations gave clear-cut 
end points and proved satisfactorily that radioactive material 
could be employed usefully in the measurement of blood- 
flow rates. Their technique, however, was open to the criti- 
cism that the route was complex, a fact which was inherent in 
the other methods previously used. 

The use of an isotope was reintroduced and further de- 
veloped by Hubbard, Preston & Ross (1942), who bombarded 
metallic sodium in a cyclotron to produce #4Na. By the 
interaction of this irradiated sodium with water, a solution 
was prepared suitable for intravenous injection. 

The choice of sodium, preferably as ?4NaCl, is made for 
the following reasons: (i) it is a normal constituent of blood 
and tissues, and therefore gives rise to no reactions on injec- 
tion; (ii) it has a short half-life (14.8 hours), so that total 
body irradiation can be minimized; (iii) it is not selectively 
absorbed by any tissue in the body; (iv) it emits a penetrating 
ray, easily detectable through skin and tissues for external 
recording. 

Hubbard et al. (1942) measured the velocity of the blood 
flow from arm to arm in infants and young children by placing 
a Geiger-Miiller counter on the hand while the test material 
was being injected into the contralateral arm. The impulses 
from the counter were recorded on a continuous tape running 
at constant speed, and from this mechanical record, graphs 
showing the total number of counts in a given time were con- 
structed. The moment the injected material arrived in the 
blood-stream at the hand under the counter, a sharp increase 
in the number of impulses was recorded, which produced a 
change in the slope of the graph. Circulation times measured 
in a group of older children, both by this and by the saccharin 
method, were found to correspond closely. 

Some years later, in Great Britain, Wright, Osborn & 
Edmonds (1948) independently devised a somewhat similar 
technique. The object of their investigations was to discover 
under what conditions the velocities of venous blood flow 
in the limbs of normal and pathological subjects deviated 
from the standard (see below). For this purpose the impulses 
from a directionally screened Geiger-Miiller counter were 
recorded on a continuous kymograph (Osborn & Wright, 
1949). Isotonic saline (0.2—1.0 ml.) containing 2-5 uc. of 24Na 
was injected into a superficial vein in the hand or foot and, 
by placing the counter in the axilla or groin, the arrival 
of the isotope in the blood-stream at that site was recorded 
mechanically on the drum. From the tracing, the time 
taken by the venous blood to flow from the point of injection 
to the site of the counter was obtained, and by measuring 
this distance the mean flow-rate of the venous stream could 
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FIG. 1. EFFECT OF POSTURE ON VELOCITY OF In single subjects, however, the day-to-day variation has 


—— IN THE LEGS OF NORMAL been shown to be not greater than 27 % of the initial flow-rate 


(Wright & Osborn, 1952a). It is doubtful, therefore, whether 

POSITION FLOW-RATE (cm./sec.) small differences are of any significance when individual 

measurements are taken, but when groups of subjects are 
Omen 4.45 + 0.46 considered, similar changes in average flow-rates are of greater 
reliability. 

A comparison of the flow-rate in right and left legs in a 
large group of cases revealed no significant difference between 
the two sides and a more detailed study on individual varia- 
tions in single subjects confirmed this finding (Wright & 
Osborn, 1952a). This observation is of interest in view of 
the reported frequency with which left-sided thrombosis is 
recorded. It had been assumed that the pressure of the com- 


2.62 + 0.30 
DECREASE mon iliac artery and the sigmoid colon on the left caused 
stagnation of the venous blood in the common iliac vein on 
that side, thus producing a higher incidence of thrombosis. 
3.03 + 0.34 The similarity of the rates in the two sides, however, makes it 
appear unlikely that such an effect is in fact operative. 
The effects of postural changes on the velocity of blood 
flow in the legs have also been studied in normal subjects. A 
9.11 + 0.51 slowing of venous return from the legs has been reported in 
aa | the upright and sitting positions when measurements have been 
made by other methods (Thompson, Alper & Thompson, 
\ 1928; Thompson, Thompson & Dailey, 1928; Bock, Dill & 
( INCREASE Edwards, 1930; Kvale & Allen, 1939; Kvale, Smith & Allen, 
| 1940; Brigden, Howarth & Sharpey-Schafer, 1950). The 
mo measurements made with the isotope technique confirm these 
sr 9.39 + 0.44 / reports, the flow-rate being diminished to about half of that 


be deduced. Such measurements gave a FIG. 2. AVERAGE FLOW-TIMES IN THE LEGS OF PREGNANT WOMEN 


fair picture of local flow in the main 60 
venous trunks. 
A series of normal subjects was first 
studied so that a basis for comparison 
with pathological cases might be avail- 
able. It was found necessary to adhere 
to standard conditions of rest, tempera- 
ture and posture. All subjects rested for 
at least ten minutes with the feet and legs 
immersed in a water bath at 40-45° C. to 
ensure vasodilatation. The measure- 
ments were made with the subject in the 
supine position with the heels at the same 
level as the heart. These criteria were 
maintained as the standard in all sub- 
sequent studies. 
Considerable variation from person 
to person was found in the group of 
normal subjects examined, the range 
being greater than had been anticipated 
from the “‘ foot to carotid” times already 
available. The flow-rates ranged from 
1.6 to 20.0 cm./sec., with an average of 0 
4.5 cm./sec. (Wright et al. 1948). A 47 84! 12-15 ~~ . ~ 242702831 S235 ents Ist stoge Puerperium 
somewhat similar range of normal a a — 
venous flow-rates in the legs was re- by permission of Surgery, 
ported by Levi & Lewison (1950) who, ynecology & Obstetrics 


, . : Th h sh o i 
using a method which was essentially the he ~ ~—_ = —— me times in the legs of 61 women at each month of pregnancy, in 


same, reported an average flow-rate of Abscissae: period of pregnancy (in weeks) 
3.8 cm./sec. with a range of 1.3-13.0 Ordinates: time (in seconds) of flow of venous blood from foot to groin 
cm./sec. Shaded area: + standard error x 3 
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found in the supine position. Figure 1 (Wright & Osborn, 
(1952b) shows the effects of postural change on venous velocity 
in the legs, as compared with the standard position. When 
the body is inclined head downwards at an angle of 10°, 
however, the venous flow-rate is increased to almost double 
that recorded in the horizontal position, a finding which 
confirms the results of Kvale et al. (1940), and of Wilkins, 
Bradley & Friedland (1950). 

Studies of subjects not included in the category of “* normal” 
have also been undertaken. A series of women was followed 
monthly throughout pregnancy, during labour and in the 
puerperium. As pregnancy advanced, and intra-abdominal 
pressure rose, the venous velocity in the legs steadily diminished 
(Wright, Osborn & Edmonds, 1950) (cf. fig. 2). The descent 
of the foetal head into the bony pelvis, which usually occurs 
in primigravidae between the twenty-eighth week of gestation 
and term, was accompanied by a further reduction in the 
velocity of venous blood in the leg, though this is not apparent 
in the graph of average flow-times, since the engagement of 
the foetal head took place at different times in the women 
comprising the group from which the figure was constructed. 
In the first stage of labour, the further descent of the foetus, 
together with the uterine contractions, further reduced venous 
flow-rates in the legs (Wright, Osborn & Edmonds, 1949), 
though no such change was apparent in the arms. After 
delivery, the velocity of venous blood in the legs rapidly 
returned to that found in normal non-pregnant women. ‘It is 
believed that this slowing which occurs during pregnancy 
and in labour is dependent upon mechanical factors; the 
raised intra-abdominal pressure and the bulky uterus impede 
the main venous channels as they pass across the bony pelvis 
from the femoral ring to the vena cava. This mechanical 
concept of slowing of venous blood is strengthened by the 
observation that, in patients with gross ascites, the flow-rate 
increases after paracentesis, while a like improvement is seen 
postoperatively in cases from whom large pelvic masses are 
removed (Wright, Osborn & Edmonds, 1951). In both these 
types of case the reduction of the intra-abdominal pressure 
was immediately followed by an increase in venous flow-rate 
in the legs in a manner similar to that occurring after child- 
birth. The findings during pregnancy confirm in an interesting 
manner those of McLennan (1943) who found, by direct 
manometry, a progressive rise in venous pressure in the legs, 
though not in the arms, of pregnant women. The onset of 
the increased venous pressure and the slowing of the velocity 
of venous blood are both apparent for the first time at the 
beginning of the second trimester, which suggests that they 
are both dependent upon the growing bulk of the uterus. 

The importance of venous stasis as a factor in the onset of 
thrombosis has been recognized since the time of Virchow, 
who included it as one of his three predisposing causes. It is 
believed that: (i) cytological and chemical changes in the 
blood, (ii) damage to the intima of the blood vessels, and 
(iii) slowing of the blood-stream, are the three main factors 
in thrombus formation. Much is now known about the first 
two of these factors, but the extent of the venous stagnation 
following rest in bed has not been fully investigated. Frimann- 
Dahl (1935) has shown by his phlebographic studies in normal 
persons, and in surgical patients confined to bed, that stag- 
nation in the femoral and saphenous veins is almost com- 
plete. Kvale et al. (1940), and Smith & Allen (1940), using the 
magnesium sulphate method for the measurement of “ foot 
to carotid ” times, also showed a venous slowing in the legs in 
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the postoperative period, though the “ arm to carotid ’’ time 
remained unaltered. Further confirmation was given by 
Bjork & Strombeck (1945), who measured circulation rates by 
the injection of fluorescein into a leg vein and noting its 
appearance at the subject’s lips by the production of lumi- 
nescence. The interpretation put on these findings has been 
in favour of a slowing of the blood-flow rate in the lower limbs 
only, but that this might not be so has recently been shown 
by Mukherjee & Rowlands (1951), who have demonstrated 
that the peripheral circulation rate may undergo changes 
irrespective of that in the lesser circulation. 

In order to determine, therefore, whether the previously 
reported slowing of the circulation could be referred to the 
legs only, or whether it was a feature of a general circulatory 
change, Wright et al. (1951) investigated a group of surgical 
patients in the postoperative period. The cases were divided 
into two groups, those who were ambulatory and those who 
were confined strictly to bed in the convalescent period. The 
average mean flow-rates were measured in both upper and 


FIG. 3. AVERAGE RATES OF VENOUS FLOW IN ARMS 
AND LEGS ON VARIOUS POSTOPERATIVE 
DAYS 


10-12 | 13-15 | 16-18 


From Payling Wright et al. (1951), 
by permission of the Editor of the Lancet 


Curve A: venous velocity in leg of ambulant patient 
Curve B: venous velocity in leg of non-ambulant patient 
Curve C: venous velocity in arm of ambulant patient 
Curve D: venous velocity in arm of non-ambulant patient 


Abscissae: P, before operation 
Q, during anaesthesia 
1-19, days after operation 


Ordinates: venous flow-rate expressed as a percentage of the pre- 
operative rate 
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FIG. 4. LIMITS OF CIRCULATION TIME 


AVERAGE VALUE 
9-11 sec. 


B c 
AVERAGE VALUE AVERAGE VALUE 
3-5 sec. 4-8 sec. 


a: Limits of normal circulation time: A, from femoral artery to 
carotid artery; B, from femoral vein to carotid artery; C, 
peripheral 


lower limbs. In all those cases who were nursed in bed, a 
progressive decrease in venous velocity was found to occur 
in the legs, a change which was less apparent in the arms. In 
the ambulatory group, however, no such slowing occurred; 
indeed, an increase in flow-rate, probably due to an augmented 
metabolism postoperatively, was noted during the days when 
venous thromboses most commonly occur. The findings in 
both upper and lower limbs are set out in fig. 3. Since the 
flow-rates in the limbs differ considerably pre-operatively, the 
flow-rate in the leg being on an average 4.5 cm./sec. while that 
in the arm is 10.0 cm./sec., the results are set out for com- 
parison as percentages of the pre-operative level. As a 
prophylactic against this slowing in bedridden patients, the 
effect of planta- and dorsi-flexion of the feet has been shown 
to increase blood-flow rates (see fig. 1), so that pedalling 
movements might well overcome the evil consequences of 
enforced recumbency. 

A new modification of the circulation time, measured from 
foot to carotid, has recently been introduced by Mukherjee 
& Rowlands (1951). These authors, using anaesthetized cats, 
have injected red corpuscles, labelled with **P by the method 
of Hevesy & Zerahn (1942), into either the femoral artery or 
femoral vein. The arrival of the isotope at the carotid artery 
was detected in blood samples withdrawn every 1-2 sec. for 


A 
AVERAGE VALUE 
19-58 sec. 


Cc 
AVERAGE VALUE 
10-54 sec. 
Mukherjee & Rowlands (1951), 
by permission of the Editor of the Lancet 


B 
AVERAGE VALUE 
4-9 sec 


b: Limits of circulation time in haemorrhagic shock: A, from 
femoral artery to carotid artery; B, from femoral vein to carotid 
artery; C, peripheral 


2 min. after the injection was made. By making the injection 
into the femoral artery, Mukherjee and Rowlands obtained the 
total circulation time (TCT). Injection into the femoral vein, 
however, cuts out the peripheral capillary bed, thus giving a 
measurement which is almost wholly dependent upon the 
pulmonary circulation time (LCT). A measure of peripheral 
circulation time (PCT) can, therefore, be deduced from 
TCT — LCT. This is not strictly accurate, as no allowance 
can be made in the LCT estimation for the time taken for the 
tagged blood to pass from the femoral vein to the heart. 
Nevertheless, a reliable over-all picture of haemodynamics 
has been obtained in this way. Mukherjee & Rowlands (1951) 
have investigated the effects of haemorrhagic shock in a series 
of animals ; their results are shown graphically in fig. 4. 
After haemorrhage the TCT is markedly prolonged, though 
the LCT is little affected. The peripheral vascular bed is, 
therefore, the site of slowing of the circulation in the period of 
hypotension. 

One further investigation into circulatory phenomena must 
be discussed, although the nature of the measurements is 
of a somewhat different kind. Prinzmetal et al. (1949) have 
devised a technique whereby the circulation through the 
chambers of the heart may be accurately timed. The tech- 
nique, radiocardiography, is briefly as follows. A specially 
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constructed ink-writing Geiger-Miiller counter is placed over 
the cardiac region. An injection of 0.1-0.2 mc. of ?4NaCl 
is made into the anticubital vein and the arm is immediately 
raised to ensure the rapid passage of the radioisotope to the 
heart. As the isotope enters the right cardiac chamber, the 
recording counter shows a steep and rapid peak on the tracing, 
which falls as the blood passes out into the pulmonary circula- 
tion. The return of the isotope to the left side of the heart is 
shown by a second peak which gradually falls as the tagged 
blood passes out into the aorta. Obstruction to the filling of 
the right heart is detected by a retardation of the primary 
peak, while slowing of the pulmonary circulation may be 
observed by a delay in the appearance of the secondary peak 
compared with the primary. Finally, a sustained secondary 
peak indicates some failure of the emptying of the left side 
of the heart. Prinzmetal and his colleagues cite case histories 
of patients whom they have studied and demonstrate the use 
of this method in the differential diagnosis of myocardial 
insufficiency. 


2. Measurement of ‘‘ Build-Up ”’ of Radioactive Material at a 
Site Remote from that of Injection 


The study of the peripheral circulation with ?4Na was 
introduced by Smith & Quimby (1944, 1945a, 1945b, 1947; 
Quimby & Smith, 1944). The method is dependent upon the 
hypothesis that “* build-up ”’ of a substance in the tissues is 
directly dependent upon the volume of blood traversing the 
region per unit time, and it would, therefore, appear that a 
measure of the circulatory conditions in a given area might be 
satisfactorily studied by this means. An intravenous injec- 
tion of 100 uc. of 24Na in 5-12 ml. of saline is made into the 
arm. Before the injection is made, a Geiger-Miiller counter is 
arranged against the sole of the foot or the musculature of the 
leg and the background counting rate is determined. As the 
injected material reaches the tissues below the counter, the 
counting rate progressively increases until equilibrium is 
reached between the 24Na content of blood and that of the 
tissues. By plotting the counting rate as a function of time, 
Smith and Quimby constructed “ build-up” curves for 
normal subjects which they believed to be independent of the 
observer. Since environmental changes were stated not to 
influence the results, variations in ‘* build-up” curves were 
considered to depend solely on the pathological condition 
from which the subject suffered. A series of patients with 
peripheral vascular disease was investigated (Smith & Quimby, 


REFERENCES 


Bellis, C. J. (1943) Surgery, 13, 27 

Bjork, V. O. & Strombeck, J. P. (1945) Nord. Med. 26, 878 
Blumgart, H. L. & Weiss, S. (1927) J. clin. Invest. 4, 15 
Blumgart, H. L. & Yens, O. C. (1927) J. clin. Invest. 4, 1 

— A. V., Dill, D. B. & Edwards, H. T. (1930) J. clin. Invest. 8, 


— i Howarth, S. & Sharpey-Schafer, E. P. (1950) Clin. 

ci. 9, 

Cooper, F. W., jr, Elkin, D. C., Shea, P. C., jr & Dennis, E. W. 
(1949) Surg. Gynec. Obstet. 88, 711 

Elkin, D. C., Cooper, F. W., jr. Rohrer, R. H., Miller, W. B., jr, 
Shea, P. C. jr, & Dennis, E. W. (1948) Surg. Gynec. Obstet. 87, 1 

Freidell, M. T., Drucker, F., Pickett, W. J. & Hummon, I. F. 
(1949) Arch. intern. Med. 83, 608 

Frimann-Dahl, J. (1935) Acta chir. scand. 76, Suppl. No. 36 

Hevesy, G. & Zerahn, K. (1942) Acta physiol. scand. 4, 376 

Hubbard, J. P., Preston, W. N. & Ross, R. A. (1942) J. clin. 
Invest. 21, 613 


Vol. 8 No. 2-3 


1947) and the * build-up ” curves were shown to differ from 
the normal in a manner characteristic for each type. So 
useful was the method thought to be, that the site of amputa- 
tion in cases of gangrene and in thromboangiitis obliterans 
was determined from the level at which the “* build-up ”’ was 
shown to be normal. An assessment of the efficacy of drugs 
used in the treatment of peripheral vascular disease was also 
made (Mufson, Quimby & Smith, 1948). 

A very similar technique was employed by Freidell et al. 
(1949), who replaced *4Na with **P. They reported that this 
ion concentrated more rapidly in the limb tissues of old and 
arteriosclerotic patients than in those of normal subjects, an 
observation believed to depend on the greater permeability 
of capillaries to phosphate in such cases. 

An attempt to repeat these observations with the “* build- 
up ” method has not proved satisfactory. Elkin et al. (1948) 
found that it was insensitive to drugs, posture and exercise, 
all of which were known to influence local circulatory con- 
ditions. Veall (1950) also tried to repeat the work of Quimby 
and her colleagues but was unable to show any clear-cut 
distinction in ‘* build-up ” between normal and pathological 
cases. Moreover, the results on the same subject could not be 
repeated on various occasions, and Veall showed that skin 
temperature influenced the findings to a marked degree. The 
factors which influence the rate of ‘** build-up ”’ of an ion in the 
tissues are discussed in his paper. 

It appears, therefore, that this technique may be less valu- 
able as a method of measuring local circulatory competence 
than was originally believed, and further observations under 
more carefully controlled conditions should be undertaken. 


3. Measurement of Rate of Removal of Radioactive Material 
from an Injection Site 


The reverse of the “ build-up”? method might give a 
measure of local blood flow on the same theoretical basis as 
that already discussed. It has been suggested that the rate of 
removal of an injected ion is dependent upon the amount of 
blood passing through the tissue per unit time. Such measure- 
ments were first made by Kety (1948, 1949) and subsequently 
by Elkin and his colleagues (Elkin et al. 1948; Cooper et al. 
1949), by Reese, Darrow & Cullen (1951) and by Miller & 
Wilson (1951). No discussion of this technique will be under- 
taken here, as it is fully dealt with elsewhere in this symposium 
by E. McGirr.? 


1 See McGirr, p. 192 of this Bulletin. 
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The advent of radioactive isotopes has offered the oppor- 
tunity for the development of additional methods for the 
experimental study of the peripheral circulation. Three 
different methods have been devised. Two of these, the direct 
measurement of blood flow between two defined points, and 
the measurement of “ build-up” of radioactive material at 
a site remote from that of the injection, are dealt with in this 
symposium by H. Payling Wright. A third method has been 
introduced by Kety (1948, 1949) who has studied the local 
clearance of radioactive sodium which has been injected into 
a tissue. This method, which “ appears to offer a convenient 
and clinically useful means for the measurement of effective 
circulation in a particular tissue’, will be considered. It is 
proper to point out that McClure & Aldrich (1923) suggested 
that the time required for the disappearance of the elevation 
in the skin produced by an intradermally injected salt solution 
might be of value for the detection of disturbed water balance 
in the tissues and for following the progress of cases in which 
the presence of such a disturbance had been established. 
Using Kety’s method, Barron, Veall & Arnott (1951) have 
found no correlation between the rate of clearance of a radio- 
active sodium chloride solution from the skin and the time 
that the elevation persists. 





4 See Payling Wright, p. 187 of this Bulletin. 
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1. Theoretical Considerations and Method 


Kety (1949) postulated that the clearance of a diffusible 
tracer substance, such as **Na, introduced directly into a 
tissue by injection, will depend upon and possibly be a measure 
of the local tissue circulation. He considered that the 
clearance is dependent upon many factors, namely, the sodium 
space or extracellular fluid volume, the arterial inflow, the 
venous outflow, the lymphatic outflow, the total amount of 
24Na per unit mass of tissue, and the extent to which the 
concentration of “Na in the capillary blood and lymph comes 
into equilibrium with the concentration of **Na in the tissue. 
The last factor depends upon the diffusion rate of the injected 
ion, diffusion distances, capillary-tissue interface, the pro- 
portion of arteriovenous shunts or other non-functional 
blood flow, and on the filtration and absorption of extra- 
cellular fluid at the capillary. He analyzed mathematically 
the clearance of such an injected substance, **Na, and found 
that the tissue deposit of “Na should decrease along a single 
exponential curve, corresponding to the equation: 

2 = Qe. 

He concluded that the value of k, the clearance constant, 
which can be determined from a semilogarithmic plot of the 
remaining amount of *4Na against time, is a quantitative 
measure of the total ability of the local circulation to remove, 
and by the same token to supply, freely diffusible substances. 
He selected for his studies **Na, which he regarded as a fair 
representative of more important contributors to cellular 
nutrition, such as oxygen, carbon dioxide and glucose, all 
easily diffusible substances. 

Kety tested the theory in practice by the injection of a small 
volume, 0.5-1.0 ml. of isotonic saline, containing about 5 uc. 
of *4Na, into the gastrocnemius muscle of human subjects. 
A Geiger-Miiller counter, shielded with lead except on the 
surface exposed to the calf, was placed over the site of the 
injection. The number of y radiations emitted by the *4Na 
was recorded at one-minute intervals on electronic equipment, 
and, after correction for background and radioactive decay, 
the “‘ counts ” were plotted semilogarithmically against time. 
A straight-line graph was invariably produced indicating the 
validity of the theoretical derivation of the equation, and the 
assumptions on which it was based (for example, see fig. 1). 
The slope of the graph yielded the value for the clearance 
constant, k, which could be calculated from the equation: 


he log C, — log C, 
~ 0.4343(T, — T,) 
where C, and C, were counts per minute at time 7, and T, 
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FIG. 1. GRAPH OF COUNTS PER MINUTE RECORDED 
AFTER INTRAMUSCULAR INJECTION OF **Na 


40 


The straight-line function for the removal of sodium from muscle is 
demonstrated 


R: right leg; L: left leg 
Abscissae: minute intervals 
Ordinates: counting rate in arbitrary units 


respectively, and the time interval (7,—7,) was of sufficient 
duration, about ten minutes, to allow a reliable average slope 
to be drawn on the graph. 

Minor variations in technique have been introduced by 
other workers but their methods remain substantially un- 
changed. Other circulatory indices have been preferred on 
account of the simplicity of their derivation. The simplest is 
the “ half-time ”, which is defined as the time in minutes in 
which the counting rate is halved. It can be readily calculated 
from the graph (fig. 2). The clearance constant may be 
obtained from the “ half-time ” since: 


__ 0.693 

eal 
(Wisham, Yalow & Freund, 1951). Barron, et al. (1951) 
have proposed the use of a circulation index, J, where: 
_ 1,000 
oT 
Franke et al. (1950), who have studied sodium clearance from 
the subcutaneous and muscle tissue of dogs’ thighs, prefer to 
express the clearance rate as the percentage of activity re- 
maining per unit of time. They do so because they failed to 
demonstrate a straight-line function for the removal of the 
sodium after the first ten minutes of study. 

The “clearance ”’ method of Kety (1948, 1949) leads to 
low general irradiation of the body in contrast to the high 
general body irradiation of the “‘ build-up” method of Smith & 
Quimby (1945), but it produces high local irradiation. The 
local irradiation has been calculated to amount to 0.5 equi- 
valent réntgens per uc. of *4Na injected. Irradiation of 2.5 
equivalent réntgens for a 5 uc. dose of *4Na does not appear 
excessive when compared with the irradiation of 3 to 5 r. 
produced by an ordinary diagnostic x ray of the calf. 


I= 


2. Intramuscular Studies 


Particular attention has been focused by investigators 
using this method on the removal of *4Na from muscle, 
because the method is the only one available for measuring 
local muscle circulation independently of the total blood flow 
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of the part. The experiments of Stone & Miller (1949) on the 
mobilization of *4Na from the gastrocnemius muscle of the 
dog are particularly enlightening. They found that the 
lymphatic system of the dog’s leg did not play a significant 
role in the mobilization and removal of the 2*Na. In none of 
seven animals was the quantity of *4Na recovered in the 
thoracic duct lymph greater than 1.1% of the amount in- 
jected into the gastrocnemius muscle. In eight out of nine 
animals in which the ?4Na was recovered quantitatively from 
the femoral vein blood it was found that the rate of clearance 
of the **Na measured by a counter external to the site of the 
injection was the same as that determined from the blood 
draining the muscle. They found no evidence that the *4Na 
diffused along intramuscular planes beyond the range of the 
counter. 

In eight observations made following the introduction of 
24Na into the resting gastrocnemius muscle in different 
normal human subjects, Kety (1949) found that the clearance 
constant ranged from 0.033 to 0.066 (mean 0.050). Cooper 
et al. (1949) in t14 observations in normal individuals ob- 
tained values of k ranging from 0.01 to 0.08 (mean 0.050). 
Reese, Darrow & Cullen (1951), in 44 determinations in 
normal lower limbs, reported values of k from 0.018 to 0.076 
(mean 0.040). McGirr (1952), in 112 observations in 54 
normal individuals, found that k ranged from 0.028 to 0.116 
(mean 0.055). 

Wisham et al. (1951) have studied the consistency of the 
clearance of *4Na from both biceps and gastrocnemius 
muscles. They consider that, if an arbitrary error of + 20% 
is attached to the average of three separate determinations, 
well over 95% of future determinations will fall within the 
range so described. Reese et al. (1951) have found that 


FIG.2. CALCULATION OF “ HALF-TIME”, T, 


The simplicity of ‘* half-time ’’ determination is demonstrated 
Abscissae: minute intervals 
Ordinates: counting rate in arbitrary units 





TISSUE CLEARANCE OF INORGANIC IONS E. M. McGirr 


FIG. 3. EFFECT OF AN “ ARTERIAL”’ TOURNIQUET constant in the antagonistic muscles (Reese ef al. 1951). The 


ae May RATE OF CLEARANCE OF “Na FROM local vasoconstrictor effect of adrenaline is accompanied by a 


decrease in the clearance constant (Kety, 1949), and the local 
vasodilator effect of histamine is associated with an increase 
in the clearance rate (McGirr, 1952; see also fig. 5). 
Intravenous infusion of adrenaline in doses of up to 30 ug./min. 
produces no significant alteration in the rate of clearance of 
24Na injected into skeletal muscle (Miller & Wilson, 1951). 
In view of the fact that intravenous adrenaline is known to 
produce an increased blood flow in skeletal muscle (Allen, 
Barcroft & Edholm, 1946), Miller and Wilson conclude that 
the clearance rate of *“Na does not reflect closely the changes 
in local blood flow to muscle. 

The method has been applied to the study of the local 
circulation of muscle in a variety of peripheral vascular 
disorders. Cooper et al. (1949) found that with moderate 
degrees of vascular obliteration, in which the extremity re- 
tained a normal colour in the horizontal position, the rate of 
sodium clearance was frequently within their normal range. 
Elevation of the extremity at an angle of 35° greatly retarded 
the rate of removal of the sodium in subjects with obliterative 
vascular disease, whereas elevation in normal individuals 
produced no change in the disappearance rate (Elkin et al. 
1948). These authors also found that, with the extremity 
elevated, drugs which caused a fall in blood-pressure or 
generalized vasodilatation produced a decrease in the rate of 
mobilization of sodium. General vasodilatation produced by 
reflex heating has a similar effect (McGirr, 1952; Morrissey, 
personal communication). 


FIG. 4. EFFECT OF EXERCISE ON THE RATE OF 
CLEARANCE OF *Na FROM MUSCLE 


During the application of the tourniquet the clearance is inhibited; 
on its release the clearance rate is increased above the resting level 


200 mm. of Hg applied at A and released at B 
Abscissae: minute intervals 
Ordinates: counting rate in arbitrary units 


repeated clearance constants in the same individual may vary 
as much as 185%. McGirr (1952) has found variations of 
over 80%. 

Reese et al. (1951) consider that there is relatively little 
difference between the clearance constants of the right and 
left leg of a normal individual rested for one hour, but their 
figures show that differences of as much as 50% occur, and 
that, without rest, variations of up to 170% occur. McGirr 
(1952) has found that the difference may be as much as 100% 
with 20 minutes’ rest before the test. 

The responses of the clearance constant to different pro- 
cedures designed to alter the circulation have been studied 
by various authors. The application of tourniquets is fol- 
lowed by an immediate reduction in the clearance constant 
(Kety, 1949; Cooper et al. 1949). An “ arterial ” tourniquet 
inhibits the clearance during its application; on its release 
there is an increase in the clearance constant above its resting 
value, which may reasonably be considered to be due to the 
reactive hyperaemia that is known to occur (fig. 3). Exercise 


The increased rate of removal during exercise is demonstrated. At 


; ; , - A, exercise commenced and then continued throughout the obser- 
is accompanied and followed by an increase in the clearance vation 


constant in the exercised muscles (Kety, 1949; Wisham et al. Abscissae: minute intervals 
1951; see also fig. 4), but by a decrease in the clearance Ordinates: counting rate in arbitrary units 
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FIG.5. EFFECT OF LOCAL HISTAMINE ON THE RATE 
OF CLEARANCE OF **Na FROM MUSCLE 


The vasodilator effect of histamine is associated with an increase in 
rate of clearance from muscle. At A, 0.2 ml. 1: 1,000 solution of 
histamine injected locally 


Abscissae: minute intervals 
Ordinates: counting rate in arbitrary units 


Reese et al. (1951), ina group of eight patients with arterio- 
sclerosis obliterans, found that the mean of 12 clearance 
constants was 0.027. Although there was a considerable 
overlapping into the normal range, the mean of 0.027 was 
significantly lower than the normal mean of 0.040. They 
consider that their results limit the method as an individual 
diagnostic procedure but suggest that it is useful for a group 
study. This opinion is supported by Barron et al. (1951). 

Semple, McDonald & Ekins (1951) found that the clearance 
constants in 13 subjects with intermittent claudication fell 
within the range of values they obtained in 21 normal subjects. 
McGirr (1952) studied 21 limbs of 12 patients with ob- 
literative vascular disease and found that in three limbs only 
the clearance constants were below his normal range of 
values. The lowest value (0.020) lay within the range of 
normal values reported by others. 

If one starts with the preconceived belief that in all cases of 
peripheral vascular disease there is an impaired nutrition of 
tissues when the limb is at rest, then these results must be 
considered disappointing. However, in many cases of 
intermittent claudication there is no obvious nutritional 
impairment at rest. There is an inability to meet the increased 
circulatory demands of exercise. Accordingly, before the 
final opinion regarding the value of the method as a diag- 
nostic procedure in peripheral vascular disease is formed, it is 
necessary to await the results of studies made during exercise. 
In experiments carried out by Semple et al. (1951) the ratio of 
“* half dispersal time ” before exercise to “‘ half dispersal time ” 
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after exercise showed a wide variation; both normal subjects 
and patients with intermittent claudication fell within the 
same range. Since it has been demonstrated (Shepherd, 1950) 
that, immediately after exercise, patients with intermittent 
claudication have either a diminished blood flow in the calf 
compared with the resting level or an increase which is much 
less than that found in normals, Semple and his collaborators 
concluded that there is no fixed relation between blood flow 
in muscle and sodium clearance. 

In 28 patients with thrombophlebitis, Cooper et al. (1949) 
found that the sodium mobilized more rapidly with the 
extremity in an elevated position. In this position the rate of 
removal of the sodium was usually below normal in the 
affected extremity and was always less in the affected limb 
than in the normal limb. In only three of nine patients with 
definite postoperative phlebothrombosis described by Reese 
et al. (1951) was the clearance constant low; the other six 
patients had a normal or high k. Two patients had & deter- 
mined before the onset of the phlebothrombosis. The drop 
in the value of k in one of them was no greater than the drop 
in six other patients who did not develop phlebothrombosis. 
In the other the values of k before and after phlebothrom- 
bosis were lower than the value of & in the presence of the 
clinical signs of phlebothrombosis. In six patients with 
questionable signs of phlebothrombosis the values of k lay 
within the normal range of values. The evidence of these 
results discounts the value of the method as a means for 
prediction of postoperative thrombosis. 

Reese et al. (1951) studied the effect of operation on the sodium 
clearance from the calf muscles. They found no significant 
difference between the pre-operative and postoperative mean 
of the clearance constant and they concluded that operation 
per se does not reduce the circulation of the calf muscle. 

The same authors found a postoperative increase in the 
clearance constant in each of four cases submitted to thora- 
columbar sympathectomy. In four cases submitted to lumbar 
sympathectomy, k increased in two cases and decreased in 
two cases. Following sympathectomy in cases of hypertension, 
Cooper et al. (1949) noted no significant change in the rate of 
removal of the sodium. 


3. Subcutaneous Studies 


Ewing and Veall, using subcutaneous injections in the 
human forearm, have obtained results similar to those 
observed with intramuscular injections (Veall, 1950). In 
their studies they found it difficult to interpret changes in the 
clearance constant which may be observed from time to time 
(Barron et al. 1951). MclInally et al. (1952) have reported 
similar data where the site of injection was the subcutaneous 
tissue of the leg. 

Franke et al. (1950) have found that the addition of 
hyaluronidase to the isotope solution injected into the sub- 
cutaneous tissue of the medial aspect of dogs’ thighs pro- 
duced a marked increase in the average clearance constant 
from 0.0229 to 0.0696. They suggest this increased rate of 
clearance may represent marked diffusion rather than 
absorption. Forbes (1950) has studied the effect of hyaluroni- 
dase on the subcutaneous absorption of **Na in humans. 


4. Intradermal Studies 


Miller & Wilson (1951) have studied simultaneously the 
effect of reflex temperature change on the rate of clearance of 
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*4*Na injected intradermally or slightly deeper into the 
cutaneous tissue on the dorsum of the hand, and on heat 
elimination from the hand as measured by a calorimeter. 
Reflex vasoconstriction produced by cold water led to a 
decrease in the clearance constant and a reduction in heat 
elimination. Reflex vasodilatation produced by hot water 
led to little or no increase in the clearance constant, although 
heat elimination was increased threefold or more. While 
admitting that the failure of the clearance constant to increase 
during reflex vasodilatation may be due to the blood passing 
through arteriovenous shunts and so becoming ineffective as 
far as tissue exchange is concerned, they suggest that the 
clearance of **Na in skin is not solely a measure of effective 
circulation as determined by local tissue metabolism. From 
their studies in skin and in muscle (already quoted in section 
2) they consider that as a measure of blood flow the method 
is relatively insensitive. 

McGirr (1952) has found that the vasoconstriction pro- 
duced by direct cooling of the site of injection in the skin has 
been associated with a decrease in the clearance constant, 
whereas vasodilatation produced by direct heating has been 
associated with an increase in the clearance constant. Vaso- 
constriction produced by reflex cooling has always been 
accompanied by delay in the rate of removal of **Na from the 
skin of the dorsum of the foot. Reflex general vasodilatation 
produced by indirect heating has been usually but not in- 
variably associated with an increased rate of removal from the 
skin. The vasoconstriction of local adrenaline has been 
observed to produce a decrease in the clearance rate and the 
vasodilatation of local histamine an increase in the clearance 
rate. 

Barron et al. (1951) have applied the sodium clearance test 
to the study of the circulation of tubed skin pedicles. They 
injected 0.1 ml. of saline 0.5 mm. below the surface of the 
skin. According to skin thickness and slight variation in 
depth of injection, they found that the bleb produced by the 
injection disappeared almost immediately if the injection 
happened to be mainly subcutaneous, or persisted as long as 
30 minutes if the injection was intradermal. They found no 
correlation between the circulation index and the persistence 
time of the bleb. They have found it possible to use $-particle 
measurements instead of y-ray measurements and as a result 
have been able to reduce the dose of *4Na to 0.1 pe. The 
method requires care in the interpretation of the disappearance 
curve, which may be flattened initially or even show an 
increase in the counting rate over the first few minutes, owing 
to small movements of the injected solution within the tissue. 
In their studies they have found no evidence of any effect of 
environmental conditions on the sodium clearance from tubed 
pedicles. They have found it necessary to pay careful atten- 
tion to the position of the pedicle. Kinks in the tube may 
interfere with its blood supply and impair the sodium 
clearance. They consider that the method may become a 
useful research tool for studying problems arising in plastic 
surgery and that tubed skin pedicles provide convenient 
experimental conditions for studying some of the physiological 
factors affecting the clearance constant. 

Braithwaite, Farmer & Herbert (1951) have found that the 
site of the injection, the age of the patient and the environ- 
mental temperature all produce variations in the rate of 
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clearance of sodium from skin. Their experience with tubed 
skin pedicles suggests that the clearance rates are proportional 
to the endothelial surface available for absorption and not to 
the blood flow. 


5. Conclusions 


It appears from these studies that not only is the sodium 
clearance exponential, as Kety predicted, but it is reasonably 
well established that the clearance constant, k, is a quantitative 
index of the over-all efficiency of the local circulation (Barron 
etal. 1951). Until its value as a measure of clinical importance 
is established, Kety (1949) considers it preferable to retain the 
theoretical significance of k as a clearance constant rather 
than as a rigorous measure of blood flow. He argues that the 
effectiveness of the circulation in a tissue is better measured 
by its total ability to remove, and similarly supply, freely 
diffusible substances, such as *4Na, than by mere volume of 
blood flow. The experience of Miller & Wilson (1951) and 
of Semple et al. (1951) supports this cautious interpretation 
of the clearance constant. 

As a method of investigating the circulation the study of 
the rate of removal of ?“Na from a tissue is very much in the 
experimental stage. The results obtained by it should not be 
expected always to run parallel with, but should be supple- 
mented by, those obtained by other established methods such 
as skin temperature, calorimetric and plethysmographic 
studies, which measure other functions of the circulation and 
have their own contribution to make to the study of the 
peripheral circulation. 

Because the clearance constant may be influenced by so 
many factors it is essential that the investigations be carried 
out under strictly controlled conditions. Subjects must be 
rested for an adequate period before the experiment. Cooper 
et al. (1949) allowed a rest period of 10 minutes but there is 
evidence that this may well have been inadequate for equi- 
librium between the environmental temperature, which must 
be constant within narrow limits, and skin temperature to be 
achieved (Freeman & Linder, 1934). Semple et al. (1951) 
advocate a rest period of at least 40 minutes. Reese et al. 
(1951) advise one hour. Psychological factors such as 
apprehension and excitement have been shown to exert an 
influence on the rate of removal of 24Na (Cooper et al. 1949; 
Barron et al. 1951). As far as possible they must be elimi- 
nated by ensuring maximum co-operation from the patient 
and achieving mental relaxation by carefully explaining to 
him the nature of the investigations and allowing him to 
become familiar with his new surroundings. The dose of 
microcuries injected (provided it is a safe one) is not impor- 
tant, but it is essential that the relations between the site of 
injection and the counter tube are carefully preserved during 
any one measurement. This necessitates physical relaxation 
and immobility. The question of local trauma, the pos- 
sibility of a variable degree of leakage of *4Na back along 
the needle track, and slight variations in the site and depth of 
repeated injections, are local influences that are difficult to 
evaluate but must be minimized by the development of a 
careful and standard technique. 

The technique appears applicable to the study of the local 
circulation of any tissue or organ which is safely accessible 
to a hollow needle. 
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In many branches of medicine and surgery, particularly plastic 
surgery, it is of considerable practical importance to be able 
to decide whether or not the circulatory system which serves 
a particular region of skin or other tissue is functioning 
adequately. A number of more or less qualitative tests have 
been developed for this purpose, including the reactive 
hyperaemia test (Lewis, 1945), skin temperature measurements 
(Douglas & Bucholtz, 1943), a photoelectric method (Douglas 
& Millican, 1947) and the fluorescein method (Lange & 
Boyd, 1944). These methods as applied to tubed pedicles are 
reviewed in a paper by Hynes (1948), which describes in detail 
the atropine test as applied to tubed pedicles and skin flaps. 
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Apart from its practical importance as a method of skin 
transplantation, the tubed pedicle is of considerable experi- 
mental interest in that it may be regarded as an isolated 
vascular loop, in which the blood flow can be largely controlled. 
For this and other reasons, the pedicle has considerable 
advantages over other experimental material, not only for 
studies on the physiology of the circulation, but also for assess- 
ing the value and aiding in the interpretation of various 
clinical tests used for studying the peripheral circulation. 


1. Sodium Clearance Test 


The applicability of radioactive sodium to circulation 
studies lies in its use as a tracer whereby the rate of transfer of 
sodium between the vascular system and the extracellular 
tissue fluid can be measured. The general mathematical 
theory of this type of measurement has been presented by 
Sheppard (1948), and related to various practical problems by 
Solomon (1949). From the theoretical point of view, the 
present case can be regarded as a two-compartment problem. 

The rate of uptake of radioactive sodium in the tissues of 
an extremity following the intravenous administration of a 
tracer dose was used by Smith & Quimby (1944, 1947) as a 
qualitative test in the study of peripheral vascular disease. The 
interpretation of the data yielded by this type of measurement 
in quantitative terms is extremely difficult, and the shape of 
the experimental curves obtained is markedly affected by 
extraneous factors which are difficult to control or evaluate 
(Ewing & Veall, unpublished data; see Veall, 1950). However, 
if the tracer material is introduced into the tissue under study, 
and the rate at which it is removed by the circulation is 
measured, the problem is considerably simplified and approxi- 
mates to the case of the single compartment discussed by 
Solomon. This method was suggested by Kety (1948), who 
showed that a tissue deposit of **Na should decrease along a 
single exponential curve corresponding to the equation 


Q= Oe 


where k is the tissue clearance constant for sodium. 

The exponential form of the curve obtained indicates only 
that the rate of disappearance of the *4Na is proportional to 
the amount remaining in the tissue at any given time, and does 
not itself throw any light on the mechanism whereby the 
removal of the sodium is effected. Kety (1949), in a more 
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detailed derivation of the above formula, has shown that the 
value of the clearance constant kK must depend on a number 
of factors, namely, volume of extracellular water in the tissue 
under study, the effective blood and lymph flow, and the 
extent to which capillary blood and lymph come to equi- 
librium with the tissue concentration of **Na. The latter 
factor is in turn dependent on the diffusion rate of the ion, 
diffusion distance, capillary-tissue interface, the proportion 
of arteriovenous shunts or other relatively non-functional 
blood flow, and on the filtration and absorption of extra- 
cellular fluid at the capillary. 

Kety and other workers (Elkin et al. 1948) confirmed that 
the fraction of a small test injection of “Na remaining, 
measured with a Geiger-Miiller counter, and plotted as a 
function of time, did in fact yield an exponential curve. 
Furthermore, it was found that the changes in blood flow due 
to occlusion of the limb by tourniquet, exercise, or the local 
administration of epinephrine were reflected by corresponding 
changes in the clearance constant. Further studies have been 
carried out by Cooper et al. (1949), McGirr', and Semple, 
McDonald & Ekins (1951) using the gastrocnemius muscle in 
normal subjects and in patients with peripheral vascular 
disease. The consistency of measurements of sodium 
clearance in human muscle has been studied by Wisham, 
Yalow & Freund (1951), while the effect of various physical 
factors on the sodium clearance rate in rat muscles has been 
studied by Franke et al. (1950). The same workers have also 
extended these studies to include cerebral clearance rates 
(Boatman et al. 1950). Miller & Wilson (1951) have made 
simultaneous measurements of sodium clearance from sub- 
cutaneous injections and of heat loss under various experi- 
mental conditions, using the fingers of normal subjects. 

The results of these investigations, taken in conjunction 
with unpublished data of Ewing & Veall relating to sodium 
clearance rates in the skin at various sites on the limbs and 
extremities in normal and diseased patients, enable an assess- 
ment to be made of the present value of sodium clearance 
measurements in circulation studies. Regarded as a purely 
physical problem, the measurement of the sodium clearance 
constant can be made with a relatively high degree of accuracy 
and the test is completely objective. Granted the assumption 
that the behaviour of sodium parallels that of other freely 
diffusible substances which are involved in tissue metabolism, 
it follows that these measurements provide a quantitative 
index of the over-all efficacy of the local circulation as far as 
the supply and removal of such freely diffusible substances 
is concerned. The sodium clearance test is therefore a poten- 
tially valuable method applicable to a wide variety of clinical 
studies. On the other hand, although the work of Stone & 
Miller (1949) supports Kety’s assumption (1949) that 
lymphatic drainage does not play an appreciable part in the 
sodium clearance, there is no doubt that the results obtained 
are markedly influenced by a large number of other factors. 
Consequently, even with all practicable experimental pre- 
cautions, it is difficult to obtain reproducible readings or to 
assess the clinical significance of an individual observation. 
In fact, the clearance constant indicates the state of the circula- 
tion only at a particular time, at a particular site of injection, 
and under the physiological and environmental conditions 
obtaining at the test site at that time. 

In the case of tubed skin pedicles, many of the variable 


3 See McGirr, p. 192 of this Bulletin. 


factors affecting the circulation in more normal tissue are 
not operative, or are more easily controllable, or can be more 
conveniently investigated. For example, the skin forming 
such tubes can be regarded as completely sympathectomized, 
and the blood vessels atonic (Hynes, 1950; Léfgren, 1951). 
Consequently, apart from the obvious desirability of having 
a method which can be used both as a routine clinical test and 
as a research tool for studying problems arising in the field of 
plastic surgery, the tubed skin pedicles provide convenient 
material for studies on the factors influencing the sodium 
clearance constant which need to be done before the method 
can be usefully employed in other clinical studies. 


2. Experimental Methods 


The experimental methods used in applying the sodium 
clearance method to the study of the circulation in tubed 
pedicles have been described in detail in a previous report 
(Barron, Veall & Arnott, 1951). The test injection consisted 
of 0.1 ml. of isotonic saline containing 0.1 uc. of **Na, the 
solution being prepared from weekly shipments of Na,CO, 
irradiated in the pile at the Atomic Energy Research Establish- 
ment, Harwell. Radioactivity measurements were made 
using an end-window £-ray counter (CV2138)*, connected 
via a probe-unit Type 1014A to a counting rate-meter similar 
to the Type 1037A. Measurements were made at one- 
minute intervals, using a 10-second integrating time constant. 
It was established that it was not necessary to correct 
the observed counting rates for background, “ dead time ”’, or 
radioactive decay. 

The use of the 8-ray. method of measurement has several 
advantages over the more usual y-ray technique. Only one- 
tenth as much *4Na need be used, so that in spite of the short 
half-life of this isotope (15 hours), a solution of adequate 
strength can be available on a Saturday although prepared 
from a shipment received the previous Monday. The radia- 
tion dosage to the patient, which is in any case trivial, is 
reduced, and it is possible to study several closely spaced test 
points simultaneously without mutual interference or re- 
course to lead shielding around the counter. 

Results were expressed in terms of a circulation index /, 
defined by the expression 


_ 1,000 
-+. 


I 


where 7; was the half-period of the disappearance curve in 
minutes. This gives a numerical index which is more con- 
venient for everyday use than the clearance constant k. The 
half-period is easily determined by inspection of the curve. 


a. Sources of Experimental Error 


In order to obtain consistent and reliable readings, it has 
been found necessary to take into account three possible 
sources of error. 

i. It is a disadvantage of the 8-ray technique that the 6 rays 
of **Na are relatively easily absorbed in tissue. Consequently, 
changes in counting rate related to the mechanical equilibra- 
tion of the injected fluid may result in some distortion of the 
first part of the curve. This effect is shown in curve (1) of 
fig. 1, which was taken on a pedicle whose circulation was 
completely occluded by a tourniquet. 





* See Veall, p. 124 of this Bulletin. 
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FIG.1. POSSIBLE SOURCES OF ERROR IN THE DETER- 
MINATION OF **Na CLEARANCE RATES 
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Curve 1: Initial rise in observed counting rate, following subcutane- 
ous injection of 2*Na, due to mechanical equilibration of 
injected saline in tissues 

Curve 2: Rapid initial disappearance of *4Na, associated with in- 
creased blood-pressure, attributed to psychological 
factors 

Curve 3: Effect of slight movement of pedicle during the course 
of the test 
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ii. The first part of the curve was also affected if the patient 
was at all apprehensive. A typical curve, showing marked 
increase in clearance rate during the first 15 minutes, is shown 
in curve (2) of fig. 1. This effect was always associated with 
an increase in blood-pressure; it is therefore desirable to take 
blood-pressure readings from time to time during the course 
of the measurements. 

Both of the above effects are apparent for the first 15-20 
minutes of the observation; for this reason the first part of the 
curve cannot be relied on, and measurements should be con- 
tinued for at least 30 minutes, and for a longer period if the 
semilogarithmic plot is not a straight line. 

iii. The observed clearance rate could also be affected by 
accidental changes in the position of the pedicle, resulting in 
kinking of the tube and consequent partial occlusion of the 
circulation. Such changes were found to be sudden rather 
than gradual, as shown in curve (3) of fig. 1, and were not 
associated with changes in blood-pressure. 

With due regard to the above sources of error, reasonably 
consistent experimental results could be obtained so that it 
was possible to proceed with quantitative studies. Measure- 
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ments were carried out in hospital wards under widely varying 
conditions, and, subsequently, in a room where the tempera- 
ture was maintained between 75° and 80° F. [24-26.6°C.]. It 
is well known that the *“Na clearance rate in normal tissues is 
markedly affected by environmental conditions, but there was 
no evidence to show that this was the case with tubed pedicles. 
The limiting factor to the accuracy and sensitivity of the 
method used was the difficulty of maintaining the counter tube 
positioned accurately with respect to the injection site. 
However, with care, and under favourable circumstances, it 
was possible to detect a circulation index of 1 (7; = 1,000 
minutes). This is equivalent to the radioactive decay curve 
of “Na (7; = 900 minutes), which corresponds to the line 
drawn through the points on curve (1) of fig. 1, whose slope 
is apparent. 

In the course of a programme of clinical studies, it has been 
found possible to improve the experimental accuracy by more 
accurate positioning of the counters. Also the tedious work 
involved in taking and plotting large numbers of observations 
has been avoided by the use of automatic equipment. 


b. Automatic Equipment for Studies on Tubed Pedicles 


The automatic recording of the semilogarithmic plot of the 
*Na disappearance curve has been made possible by the 
development of the logarithmic counting rate-meter by 
Cooke-Yarborough & Pulsford (1951). The pulses from the 
counter are fed via a probe-unit Type 1014A to such a rate- 
meter, whose output is accurately proportional to the 
logarithm of the counting rate. This is connected to a pen 
recorder. The equipment shown in fig. 2 consists of four 
independent counting channels, so that up to four experi- 
mental points can be studied simultaneously. A specimen 
record from a single test point is presented in fig. 3. 

In order to make the best use of this equipment, it was 
found necessary to pay more attention to the method used for 
mounting the counter tube. The conditions which had to be 
satisfied were: 


i. The counter must remain accurately in position in 
relation to the injection site, notwithstanding move- 
ments of the pedicle due to breathing, and without 


FIG.2. ARRANGEMENT OF AUTOMATIC EQUIPMENT 
FOR CLINICAL OBSERVATIONS 








FIG.3. SPECIMEN RECORD FROM SINGLE TEST POINT 


(Motion of chart is from left to right; speed 0.2 inches* per 
minute) 
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requiring the patient to remain uncomfortably im- 
mobile. 

ii. The method used for fixation must be simple and easy 
to set up, should not constrict the pedicle so as to affect 
the circulation and should not prevent simultaneous 
measurements being taken at closely spaced points. 

iii. The counter and any fixation apparatus employed 
should not act as a vehicle for infection. 

These requirements are met to a large extent by the ap- 
paratus depicted in fig. 4. The counter tube is of all glass 
construction with a thin glass bubble window (20th Century 
Type EW3HG), and this can easily be sterilized by chemical 
means. It is mounted, through an adjustable joint system, 
on an Anglepoise arm which takes the weight of the counter. 
A simple clip arrangement grips a piece of 1|-inch bandage 
which is passed under the pedicle so as to hold the counter 
lightly against the skin. 

With this equipment **Na clearance measurements can be 
made, leaving the operator free to take and record other 
clinical data, and with no discomfort to the patient, who is 
usually reasonably free to move during the course of the 
measurements. 





* tin. = 2.54 cm. 
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3. Clinical Observation, 


The results of clinical studies using this method will be 
published in detail elsewhere by Barron et al. Abdominal 
tubed pedicles were selected for detailed measurements, since 
it was thus possible to study a series of tubes which were 
anatomically similar in different patients. The results which 
relate directly to the practical aspects of plastic surgery are 
summarized below. 


a. First Stage Pedicles 


In the case of the first stage pedicles, the tube is formed, but 
left attached at both ends so that the blood supply at the 
attachments is presumably unimpaired. In these investiga- 
tions three equidistant test points were studied on each pedicle 
over a period of several weeks, and the circulation index as 
defined previously was calculated. This index J for the 
mid-points of three different pedicles is shown plotted against 
postoperative time in fig. 5. These and similar results ob- 
tained on other patients indicate that from the first post- 
operative day onwards there is no significant increase in the 
circulation index. Moreover, measurements taken at contra- 
lateral control points on normal skin gave approximately the 
same clearance rate as occurred in the pedicle, indicating that 
any reduction in the circulation index that occurred as a 
result of the formation of the tube was at most only transitory 
and of less than 24 hours’ duration. That there may be a 
considerable reduction during the immediate postoperative 
period is suggested by an observation reported by Braithwaite, 
Farmer & Herbert (1951), made within 30 minutes of the 
elevation of the tube. The earliest measurement in the present 
series was made three hours postoperatively, and in this case 
a slight reduction was observed in the clearance rate as com- 
pared with the following day. 

It was known fiom previous experience that in certain cases 
it was possible to raise a pedicle and transfer one end to a new 
site in a single operation. In view of the above experimental 
results, it was decided to adopt this procedure routinely, and 
at the time of writing it has been in use for over a year. The 
advantages are immediately obvious, in that the usual period 


FIG. 4. COUNTER TUBES SET UP FOR MEASURE- 
MENTS ON TUBED PEDICLE, SHOWING BANDAGE 
FIXATION 
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FIG. 5. DATA FROM THREE FIRST STAGE ABDOMINAL 
TUBED PEDICLES, SHOWING CIRCULATION 
INDEX AS A FUNCTION OF POSTOPERATIVE 
TIME 


CIRCULATION 
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of about four weeks in hospital corresponding to the first 
stage is avoided, and the patient has to undergo one operation 
fewer. On the other hand, greater care in postoperative 
nursing is required when this procedure is adopted, and a 
rather higher standard of operative technique is called for 
than would otherwise be the case. 


b. Second and Third Stage Pedicles 

The rate at which the circulation is established across a new 
inset was studied by measuring the sodium clearance rate when 
a tourniquet was applied to the proximal end of the pedicle. 
It was found that normally the first signs of a blood supply 
through the implant became apparent within 4-10 days. 
The index increased over the next two or three days, and 
then became relatively constant, after which the pedicle 
could be divided with confidence in the adequacy of its 
blood supply. A typical series of observations is plotted in 
fig. 6. 

In those cases where the circulation was not adequately 
established within 10-14 days it became the practice to re- 
open the inset for examination. It was found in such cases 
that the delay in establishing the blood supply through the 
newly implanted end was always associated with some 
abnormal condition at the inset, usually a haematoma, 
although this was not always apparent on ordinary clinical 
examination. 

The use of several test points showed that the circulation 
index decreased towards the distal end of a pedicle whose 
blood supply was derived from one end only. In the case of 
third stage tubes, it was only necessary to check that the 
circulation extended as far as the point corresponding to the 
distal margin of the proposed final inset, and the pedicle 
could then be divided. For this reason the third stage 
could often be carried through in less time than the second 
stage. 
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4. Discussion 


One of the main conclusions drawn from clinical observa- 
tions using **Na clearance measurements was that a properly 
made pedicle is inherently viable, in that an inadequate blood 
supply is rarely, if ever, the primary cause of failure of tubed 
pedicles. In cases where an inadequate circulation was 
demonstrated, it could be accounted for by some factor, such 
as a haematoma, which could usually be corrected before any 
permanent damage had been suffered by the pedicle. 

Neither the full potentialities nor the limitations of this 
tracer method will be properly known until more experience 
has been gained. However, it is already apparent that a con- 
siderable saving of time can be achieved by the application of 
the experimental findings presented above. As an example, 
the case may be quoted of a fairly frequent operation—the 
excision of the dorsum of the hand and its replacement by an 
abdominal tube pedicle. This operation has been com- 
pleted and the patient discharged from hospital in as little as 
two weeks; numerous other cases confirm that it is now 
possible to think in terms of weeks instead of months when 
embarking on tube pedicle operations. 

Since the test is an objective one, it is of some value to note 
that experience to date indicates that a pedicle can safely be 
divided and transferred with a circulation index as low as 10, 
the test being conducted with the tube lying as nearly as 
possible in the position which it is intended to be in after the 
operation, and with a tourniquet applied at the proposed 
point of division. It is not till the circulation index is as low 
as 4 or 5 that signs of localized tissue necrosis become ap- 
parent. It has been pointed out by Goetz (1949) that only a 
small proportion of the blood flow in normal skin is required 
for supplying the metabolic requirements of the tissues, the 
function of the remainder being related to the temperature 
regulation system of the body. It is not surprising therefore 
that the circulation index corresponding to the limiting con- 
dition for survival should be less than one-tenth of that 
obtaining in normal skin. 

Conway et al. (1951) have used the sodium clearance test 
for evaluating the circulation in tubed pedicles and flaps with- 
out the use of tourniquets. They stated that a tourniqueted 
pedicle cleared sodium so slowly that the procedure was not 
practical. This has not been the experience of the present 
authors, and, in any case, the value of a clinical test which does 
not attempt to simulate the conditions which will prevail after 
the pedicle has been divided is open to question. Moreover, 
the slow clearance rates associated with tubes and flaps which 
are on the verge of failure are probably the ones of greatest 
clinical interest. 


FIG. 6. CIRCULATION INDEX CURVE ON TOURNI- 
QUETED PEDICLE, SHOWING ESTABLISHMENT 
OF CIRCULATION ACROSS A NEW INSET 
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5. Other Observations 


Apart from its value as a diagnostic test, the sodium 
clearance measurements can provide the quantitative data 
needed for the solution of many problems relating to the post- 
operative care of pedicles and flaps. Thus, studies are pro- 
ceeding on various factors associated with the positioning of 
the pedicle, such as gravitational effects and the effect of the 
rotation or kinking of a pedicle on its circulation (see curve 
(3) of fig. 1). More important perhaps is the correlation of the 
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Penicillin and vitamin B,. are reasonably grouped together 
because both are substances of intense biological activity, so 
that study of their site or mode of action by means of tracers 
is impossible without material of very high specific activity. 
Also, both substances have complex structures and no practi- 
cal chemical syntheses are available; they are, therefore, most 
conveniently obtained in radioactive forms by the biosynthetic 
activity of micro-organisms. Finally, it happens that both 
preparations have been made repeatedly by the author. 

Substances of biological interest are as a rule made radio- 
active so that one can use radiometric measurements in place 
of other methods of assay ; this, however, brings disadvantages 
as well as advantages. In many instances the radiometric 
methods are more sensitive, accurate and convenient. For 
both penicillin and vitamin B,, it happens that microbiological 
methods of assay, to which all three of these adjectives also 
apply, are available.t Even with these compounds, however, 
the tracer method can score on all three counts. In planning 
experiments it is always necessary to remember that biological 
assay methods are usually reasonably specific for the entire 
molecule, whereas the radiometric assay responds to a parti- 
cular atom and is indifferent whether this atom is still part of 
the molecule in question or not. Thus if the sulphur atom of 
penicillin is radioactive, it is impossible to distinguish radio- 
metrically between intact penicillin and its sulphur-containing 
inactive degradation products, such as penicilloic acid. As 
examples given later will show, this apparent limitation of the 
method can sometimes be turned to advantage. 

After a dose of, say, labelled vitamin B,, is administered, the 
radiometric method cannot be used to assess the total vitamin 
B,2 content of excreta and organs, but will follow only the 
distribution of the specific dose. In some experiments one can 
exploit this limitation by a combination of radiometric and 
microbiological assays, which together can be made to give 
more information than either alone. 

* See paper by A. A. Miles, ‘‘ Biological standards and the measurement of 


therapeutic activity,” in a previous number of the Bulletin (Brit. med. Bull. 1951, 
Vol. 7, No. 4, pp. 283-291). 
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1. Preparation of Radioactive Penicillin 


Penicillin can be labelled biosynthetically with #*C and this 
has recently been done in our laboratories. Labelling with 
35§ is, however, simpler and permits the attainment of higher 
specific activity. Radioactive penicillin was first produced by 
Howell, Thayer & Labow (1948), but the specific activity was 
far too low for its use in biological experiments. Preparations 
of *S-penicillin of increasing purity and specific activity have 
been reported from our laboratories (Rowley et al. 1948; 
Cooper & Rowley, 1949; Rowley et al. 1950; Lester Smith, 
1952a). Penicillium chrysogenum was grown on a synthetic 
medium low in total sulphur and containing radioactive 
sulphur as sulphate. Volumes of medium from 2 to 40 ml. 
containing up to 1 mc./ml. of **S have been used. The 
fermentation has been carried out in shake flasks. These 
conditions ensured minimal dilution of the “ carrier-free ”’ 
radiosulphur with ordinary sulphur. The penicillin was 
purified by solvent extraction processes and recently by 
crystallization as the N-ethyl-piperidine or cyclohexylamine 
salt. Specific activities up to 0.74 uc./i.u., or 1.2 c./g., have 
been attained and the efficiency of conversion of radiosulphur 
to penicillin has often reached 10°%, and sometimes even as 
high as 30%. 

Radioactive penicillin has also been prepared bio- 
synthetically by Maass & Johnson (1949a). 


2. Uptake of Penicillin by Bacteria 


Much of the radioactive penicillin made in these labora- 
tories has been used at the Wright-Fleming Institute to study 
the uptake of penicillin by bacteria. So little penicillin is 
removed from a solution by even a thick suspension of 
bacteria that the decrease could not be detected by biological 
assays. Before these tracer investigations, therefore, there 
was no proof that penicillin had a direct action upon the 
bacteria themselves rather than upon their environment. 
Since the uptake by resting bacteria (Rowley et al. 1950; 
Cooper & Rowley, 1949) is of the order of 2 i.u./g. dry weight 
of cells, it is clear that an exceptionally sensitive method was 
required; it was in fact easily possible to measure accurately 
one-ten-thousandth of a unit of penicillin with the Geiger- 
Miiller counter. From penicillin solutions of about 0.1 unit/ 
ml., sensitive organisms could concentrate the drug from the 
solution into their cells; the maximum uptake was attained 
within three minutes. At higher penicillin conce™trations, 
resting cells approached a saturation concentration of a few 
units per gram of dry weight. Actively dividing cells take up 
more penicillin during growth and continue to absorb the 
drug at a rate that reaches a maximum shortly before growth 
is stopped by the penicillin. Organisms that are resistant to 
penicillin take up much less than do sensitive organisms, 
whether resting or dividing. The uptake by growing bacteria 
is indeed a function of their penicillin sensitivity. This finding 
was not necessarily to be expected. Arsenicals, for example, 
are taken up just as readily by arsenic-resistant as by sensitive 
organisms. 

Several reagents were tested to see whether or not 
they prevented the organisms from taking up radioactive 
penicillin added subsequently. Most of them, including some 
that killed the bacteria, were ineffective in preventing uptake. 
The only effective agents were penicillin and acetic anhydride. 
Presumably pre-treatment with penicillin saturates the 








receptive centre, while the acetylating agent may change it 
chemically so as to prevent reaction with penicillin. 

The evidence points to an irreversible reaction between 
penicillin and a “ penicillin-binding component ” of the cell. 
Washing the cells with water, or with solutions of surface- 
active agents or of ordinary penicillin, completely failed to 
remove the radioactivity. 

Recent work at the Wright-Fleming Institute suggests that 
this penicillin-binding component may be a single substance, 
present to the extent of less than one thousand molecules per 
resting cell. It is clear that the primary action of penicillin is 
to combine chemically with this substance. Moreover, this 
component appears to be located in the cell wall, for the 
radioactivity remains attached to the cell envelopes when 
organisms treated with radioactive penicillin are disintegrated 
by shaking with glass beads, although it can be removed by 
more drastic chemical or mechanical degradation. Even 
more positive evidence is provided by the observation that 
the cell enve!opes removed from untreated bacteria can take 
up several times as much penicillin (per gram of dry weight) 
as can the whole cells (Few, Cooper & Rowley, 1952). 

In other words, it has proved possible by mechanical means 
to separate cell contents from cell envelopes and to show that 
the penicillin-binding component is concentrated into a sus- 
pension of the latter preparation. 

Maass & Johnson (1949a, 1949b) have demonstrated the 
uptake of radioactive penicillin by Staphylococcus aureus 
from solutions as dilute as 0.01 i.u./ml. The uptake is very 
slow, many hours being required to saturate the organisms 
with penicillin. Almost all of the penicillin that has been 
bound by bacteria remains attached to the cells when they are 
subsequently allowed to multiply in a penicillin-free medium. 
Maass and Johnson have confirmed the work of Cooper and 
Rowley on the increasing uptake of penicillin by cells sus- 
pended in a medium in which they would multiply but for the 
presence of penicillin at bacteriostatic concentration. They 
interpret this as indicating more rapid synthesis of the peni- 
cillin-binding component than of cell substance. They make 
the interesting suggestion that the minimum bacteriostatic 
concentration of penicillin is that at which the rate of its 
combination with the penicillin-binding component equals 
the rate at which this component is resynthesized by the 
cell. 


3. Fate of Oral and Injected Penicillin 


An example of the value of simultaneous microbiological 
and radiometric assays is provided by the work of Rowlands, 
Rowley & Stewart (1948). Radioactive penicillin was ad- 
ministered to cats either orally or intramuscularly and urine 
samples were taken at intervals by catheter. Of the injected 
penicillin 40-70% appeared in the urine in a biologically 
active form, whereas radiometric assays indicated total 
excretion. Clearly, part of the penicillin is inactivated, but 
the sulphur-containing break-down products are also fairly 
rapidly excreted. After oral administration the recoveries in 
the urine were 10-30% by microbiological assay and 25-50% 
by radiometric assay. It was concluded that only one-quarter 
to one-half of the oral penicillin is absorbed from the gut, but 
that this portion then behaves exactly like injected penicillin. 
This was confirmed in one experiment by the recovery from the 
gut of most of the missing radioactivity. 

Previously to this work it was not known what happened 
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to that part of an injected dose that failed to appear in the 
urine as unchanged penicillin. It is now clear that the 
“‘ missing” material is degraded and excreted. Different 
individuals inactivate widely different proportions of a dose 
and the site and mechanism of this change are still unknown, 
as is also the chemical nature of the break-down products. 
These are problems that might well be solved by tracer methods, 
though the task would be almost impossible by other means. 


4. Preparation of Vitamin B,, Labelled with °°Co 


Two independent investigations have shown that vitamin 
B,. can be activated by direct neutron bombardment in an 
atomic pile (Anderson & Delabarre, 1951; Lester Smith, 
1952b). This finding is more surprising than it may sound 
because generally the energy involved in making an atom 
radioactive disrupts it from the molecule in which it was 
present. However, some part of the activity remains attached 
to the vitamin By». 

Material of higher specific activity more useful for bio- 
logical experiments has been prepared biosynthetically 
(Chaiet, Rosenblum & Woodbury, 1950; Rosenblum & 
Woodbury, 1951; Lester Smith, 1952b). Fermentations 
with Streptomyces griseus have been carried out in media low 
in ordinary cobalt and fortified with salts of ®°°Co. This is 
not available “‘ carrier-free,” but can be obtained at high 
specific activities suitable for use without dilution with ordi- 
nary cobalt. In these laboratories the fermentations were 
carried out in small stirred fermenters holding a few litres of 
medium containing up to 3 mc. of ®°°Co. The vitamin B,. was 
adsorbed on charcoal and the eluate was purified by numerous 
other steps before finally yielding a milligram or so of crystal- 
line radioactive vitamin B,.. The most recent batch had a 
specific activity of 120 uc./mg., which is sufficient to permit 
investigations on the distribution of vitamin B,. in animal 
organs after the administration of a physiological dose. 


5. Preparation of Vitamin B,. Labelled with **P 


Similarly, if **P in the form of phosphate is added to the 
medium, Streptomyces griseus will build part of it into the 
vitamin B,. molecule. However, a very small part of the 
phosphorus is metabolized into the vitamin, so that of the 
radioactivity only about one part in ten thousand appeared in 
the vitamin B,. produced. Although the isolated crystalline 
vitamin B,. had a specific activity of as little as 0.35 uc./mg., 
this was sufficient for some animal and human excretion 
studies (Lester Smith, Hockenhull & Quilter, 1952). 


6. Preparation of Vitamin B,. Labelled with '*C 


Radioactive carbon can easily be introduced by chemical 
means into the cyano group of vitamin B,.. This has been 
accomplished by Boxer et al. (1951a) and also in our labora- 
tories. The product cannot be used to follow vitamin B,-, 
radiometrically in biological systems, because the cyano 
group undergoes exchange too readily. It may prove useful, 
however, in studying the interesting idea that, through rapid 
turn-over of the cyano group, vitamin B,. may transfer carbon 
from cyanide to the active methyl groups of methionine, etc. 
(see Boxer et al. 1951b; Stekol & Weiss, 1951). 
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7. Use of Radioactive Vitamin B,, in Studies of Metabolism 


The excretion pattern of vitamin B,, administered orally or 
parenterally to rats or humans has been established in part by 
microbiological assay methods. Chow, Barrows & Lang 
(1950) have shown that no vitamin B,, appears in the urine, 
after oral administration to rats, unless an enormous dose 
has been given. A large proportion of an injected dose is, 
however, eliminated in the urine. Conley et al. (1951) and 
Chesterman, Cuthbertson & Pegler (1951) demonstrated a 
similar picture with both normal humans and cases of per- 
nicious anaemia. The larger the dose injected, the greater 
the proportion that appears in the urine. This finding can be 
expressed more precisely by the equation 


E = D — 1.2D**, 


where E is the amount of vitamin B,. excreted after 8 hours 
and D is the amount of vitamin B,, injected intramuscularly. 

Experiments with radioactive vitamin B,. have confirmed 
and extended these observations. The material of low 
specific activity used in early experiments tended, however, 
to give misleading information, because large unphysiological 
doses had to be used to get reasonable rates of counting. We 
have confirmed American work showing that rats eliminate 
almost the whole of a dose of oral vitamin B,,. in the faeces, 
with only about 1% appearing in the urine and very little 
being retained (Chow et al. 1951; Barbee & Connor Johnson, 
1951). We also agree that a 20 ug. dose given by injection is 
largely eliminated in the first day’s urine. However, when the 
dose level was reduced to the more reasonable figure of | ug. 
per rat, much less of the dose appeared in the early urine 
samples. There was no detectable difference in the excretion 
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patterns of normal and vitamin B,,-deficient rats (Lester 
Smith, 1952b). Bearing in mind that the Geiger-Miiller 
counter is not necessarily measuring actual vitamin B,. in 
these samples, we have analyzed them further. Isotope 
dilution measurements, as well as microbiological assays, 
have confirmed that the ®°Co activity in rat urine is almost 
entirely in the form of vitamin B,, after parenteral administra- 
tion of the labelled material. This was not so, however, after 
oral administration. Part of the radioactivity was then 
associated with the vitamin B,., but a larger part was in the 
form of conjugated or, more probably, degraded vitamin Bj. 
Break-down had not, however, proceeded as far as ionized 
cobalt and, indeed, experiments with vitamin B,, labelled with 
32P instead of ®°Co suggested that relatively slight break-down 
of the molecule had occurred; the break-down product 
appeared still to retain the phosphorus atom, although this is 
readily lost on chemical degradation of vitamin By», e.g. by 
mild treatment with acid. 

The same conclusion was reached from an experiment with 
a normal human, carried out in collaboration with Dr J. N. 
Marshall Chalmers. The double labelling technique was used 
and a large dose (840 ug.) of vitamin B,. labelled with both 
32P and °°Co was given orally. About 1% of the total radio- 
activity appeared in the urine, none of it in the form of 
vitamin B,.._ The ratio of the two radioisotopes in the urine 
was the same as that in the dose, within experimental error, 
suggesting that the product still retained both phosphorus 
and cobalt. 

Like the work with radioactive penicillin, these investiga- 
tions are still at an early stage. It is hoped that further animal 
and human experiments in progress with radioactive vitamin 
B,. may throw more light on the site and mode of its action. 
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Carbon dioxide occurs in tissues and body fluids in several 
forms. The main fractions of the “ total CO,” are the dis- 
solved gas, bicarbonate and the carbamino compounds of 
proteins and amino-acids. There are also small quantities of 
carbonic acid—hydrated CO,—and of carbonate. In bone, 
carbon dioxide occurs in a special form as part of the apatite 
structure. All the various forms of CO, are linked by rever- 
sible reactions and are therefore interconvertible. This 
exchange applies not only to the different forms of CO, 
within one tissue, but also to the exchange of the CO, of one 
tissue with that of other tissues and the body fluids. The main 
interchanges are diagrammatically shown in fig. 1. Whilst 
the existence of most of the interchanges was qualitatively 
known before the advent of isotopes, the use of tracers has 
opened up new possibilities for the study of the exchange 
reactions. Isotopes permit the direct demonstration of the 
postulated reactions and quantitative measurements on the 
rates of various exchange processes. 


1. Evidence for the Existence of Exchange Mechanisms 


The present evidence for the occurrence of the exchange 
reactions of carbon dioxide indicated in fig. 1 is derived from 
different types of isotope experiment, which are illustrated by 
the following three sets of observations. Firstly, after 
parenteral injections of NaH“CO,, CO, can be detected in 
most tissues and body fluids (Armstrong, Schubert & Linden- 
baum, 1948; Armstrong & Schubert, 1949; Armstrong & 
Zbarsky, 1949; Schubert & Armstrong, 1949; Skipper, White 
& Bryan, 1949; Skipper, Nolan & Simpson, 1951b; Kornberg, 
Davies & Wood, 1951, 1952a, 1952b). Secondly, when 
animals are allowed to respire in an atmosphere containing 
4CO,, the isotope is soon found in the body (Brues & 
Buchanan, 1948; Buchanan, 1951). Thus in spite of a rapid 
mass movement of CO, in the opposite direction, the 
lungs absorb CO, from the air. Thirdly, in experiments on 
the rate of absorption of intraperitoneally injected NaHCO, 
by rats, the absorption of the isotope was found to be greater 
than the net absorption of bicarbonate (Wood, Lifson & 
Lorber, 1945). This can be explained only by a movement 
of CO, from the tissues into the peritoneal cavity. 


CARBON DIOXIDE EXCHANGES H. L. Kornberg & H. A. Krebs 


2. Expiration of “CO, after Parenteral Injection 
of NaHCO, 


Some of the quantitative aspects of the exchange reactions 
can be studied by measuring the rate of expiration of the 
isotope after parenteral injection. When NaHCO, is in- 
jected intraperitoneally into mice or rats, “CO, appears very 
rapidly in the expired air. Within 3 hours, in mice 95% of the 
injected “C is recovered in the expired air (Skipper et al. 1949) 
and in rats 92% (Armstrong et al. 1948; Gould et al. 1949). 
In larger animals—cats—the loss of isotope from the body is 
slower (Kornberg et al. 1951, 1952a, 1952b). Although the 
isotope was injected intravenously (which might be expected 
to favour rapid expiration), only 75° was expired within 
3 hours (fig. 2). 

The curves shown in fig. 2 are the resultants of a number of 
processes, notably the diffusion of 1*CO, from the blood into 
the alveolar air and the exchanges between the blood and the 
individual tissues, and, in the case of curves A and B, between 
peritoneal cavity and tissues. Curve C lends itself more 
readily to a more detailed interpretation because of the 
simpler experimental conditions. Mathematically this curve 
corresponds within 2°%% to the following empirical function: 


P = 28.4e—0-2438 os 41.5e—°°™* +. 30.2e 70-0011 


where P is the percentage of the injected isotope remaining in 
the whole body ¢ minutes after the injection. This function 


FIG.1. DIAGRAM OF CARBON DIOXIDE EXCHANGES 
IN THE ANIMAL BODY 







Alveolar 
Air 


' 


Expired Air 


The arrows indicate the directions of CO, migration. Gaseous 
CO, is probably the main transport form into and out of the tissues, 
but as gaseous CO, interchanges with all other forms of CO,, the 
interchanges virtually involve all forms of CO,. The exchanges 
with urine, sweat, and the contents of the intestinal tract are here 
neglected 
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FIG.2. THE EXPIRATION OF '‘CO, AFTER INJECTION 
OF NaHCO, IN DIFFERENT SPECIES 
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° 1 2 3 4 5 
TIME IN HOURS 
A: intraperitoneal injection in mice (Skipper et al. 1949) 

B: intraperitoneal injection in rats (Gould et al. 1949) 


C: intravenous injection in cats (Kornberg et al. 1951, 1952a, 1952b) 


indicates that to a first approximation the body loses the 
injected isotope like a system of three components which 
differ in their rates of loss of CO,. Each term on the right 
side represents the effect of one component, and is of the form 
Ae™ where A is indicative of, and almost identical with, the 
percentage of the total CO, involved in this component, and 
5 of the rate of CO, loss by the component. The half-lives of 


these components | i.e., the values of t for which Ae 


~ 


are 2.85 min., 28.6 min. and 582 min. respectively. 

What is the physical substratum of these three components ? 
It is to be remembered that the injected 14C is quickly—within 
a minute or two—mixed with all the blood, whence it 
exchanges with the alveolar air and the tissues as indicated in 
fig. 1. Most of the 28.4%, which is the coefficient of the first 
right-hand term, are lost to the expired air within a few 
minutes. Since the half-life of this component is 2.85 min., 
more than 90°% will be expired within 10 minutes. During 
the same time the rest of the *CO, has moved into the various 
tissues. These may be roughly placed into two groups, those 
with rapid and those with slow rates of exchange. The first 
would include, among others, liver, kidney, small intestine, 
heart and brain; the second, bone, skin and connective 
tissue. The isotope concentrations in these tissues rise at 
rates connected with their general metabolic activity and the 
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rises would therefore be more rapid in the first group than in 
the second. When the isotope concentration in the blood falls 
to the level of that in any tissue, owing to the rapid inter- 
change with the alveolar air, the migration of the isotope, on 
balance, will now be from the tissue to the blood and thence 
to the alveolar air. The second term would then represent 
the emptying of the tissues with rapid metabolic rates, and the 
third the emptying of those with low rates. 

This picture is, naturally, no more than a rough approxima- 
tion. It groups together tissues which behave approximately 
alike and takes into account only one direction—the pre- 
vailing one—of an interchange which proceeds both ways. 
It implies that, after the initial stages of the experiment, the 
specific activities of carbon dioxide in blood and alveolar air 
are identical, which is in fact confirmed experimentally (Wood 
et al. 1945; Kornberg et al. 1952a). 

Intraperitoneal injections, as shown by the data of Gould 
et al. (1949), give different CO,-expiration curves. Under 
these conditions the rate of expiration during the first hour 
after injection of NaHCO, can be described by the function 


(4CO,), = 10011 —e™) 


where ('4CO.,), is the percentage of '*C excreted in time f, and k 
has the value of 0.047. At no time could a simple first order 
reaction of this sort be detected after intravenous injection. 
These differences are not unexpected. After intraperitoneal 
injection the rate-limiting processes are bound to be different, 
the diffusion of '*CO, from the peritoneal cavity into the blood 
being an additional important factor. 


3. Relation between Body-Size and the Retention of '*C 


The striking relation between body-size and retention of 
the isotope after injection, as illustrated by fig. 2, deserves 
further comment. In small animals like mice and rats the 
amount retained after 4 hours is no more than 4-5°%, but in 
cats about 23° remain in the body at this time. More than 
30% of the retained CO, were found in bone and only about 
5% in the viscera (Kornberg et al. 1952a). In mice and rats, 
too, most of the isotope retained after a few hours is found in 
the skeleton (Armstrong et al. 1948; Armstrong & Schubert, 
1949; Schubert & Armstrong, 1949; Skipper et al. 1949, 
1951b). These observations are obviously of importance 
when experiments on animals are considered in relation to the 
human body (cf. Hellman, 1952). 

Several factors may be responsible for the effect of body- 
size, such as differences in circulation time, rates of diffusion, 
metabolic activity and the varying proportions of tissues 
present. In general, in larger animals the basal metabolic rate 
is lower and the proportion of the skeleton and other tissues 
of low metabolic activity is rather greater. Moreover, of the 
** total CO,’ which readily exchanges with injected bicarbon- 
ate, that of the bone is by far the largest fraction, as illustrated 
by the following calculations. On acidification, bone releases 
about 400 millimoles CO./kg. wet weight against about 10 
millimoles released by muscle and viscera. In the cat, bone 
contributes about 20° to the total body-weight and it follows 
that about 90% of the acid-volatile CO, in the body of the cat 
are present in bone. In smaller animals the contribution of 
bone is somewhat less. Since bone is largely responsible 
for the prolonged retention of isotope, the varying proportion 
of bone may account for some effects of body-size on “C 
retention. 
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4. Time Curves of Tissue Isotope Content 


The time curve of isotope distribution in any individual 
tissue after intravenous injection of NaH™“CO, may be 
visualized as follows. Immediately after injection, the isotope 
begins to migrate into the tissue. The rate of entry into the 
tissue is governed by various factors, among them the total 
CO, content, blood supply and the turn-over of CO, by the 
tissue, and the isotope concentration of the blood. As the 
latter rapidly falls, owing to the loss to the alveolar air and to 
other tissues, the rate of increase of the tissue isotope con- 
centration will fall rapidly until it reaches zero, when the 
specific activities of tissue and blood “ total CO,” are about 
equal. Until this point is reached there is, on balance, a 
migration of isotope into the tissue and therefore a continuous 
increase in the isotope concentration of the tissue. But im- 
mediately afterwards the balance of movement is in the 
opposite direction and the isotope concentration in the tissue 
decreases. 

Whilst the general type of curve expressing changes in the 
isotope concentration with time will be similar for all tissues, 
each tissue will give a characteristic curve, dependent above all 
on the turn-over rate of CO, in the tissue. In general, the 
higher the turn-over rate the more rapid is the accumulation 
and the subsequent drop, and the higher the absolute level of 
isotope concentration reached. The general shape of such 
curves can be calculated if the simplifying assumption is made 
that factors other than the following exert only negligible 
influence on the shapes of the curves. The controlling factors 
are taken to be : 


i. the change with time in the isotope concentration of 
the blood. As the specific activities of blood and expired 
4CO, have been shown to be identical, such information can 
readily be obtained from the data on expiration of *CO,; 

ii. the quantity of “total CO,” in the blood. This 
includes both radioactive and unlabelled “ total CO, ”’; 

ili. the rate of production of “ total CO,” by the tissues; 

iv. the turn-over of “ total CO,” in any tissue, i.e., the 
amount of ** total CO,” which in unit time enters the tissue, 
and leaves it in addition to (iii). 

If the values for the above are known, equations may be 
derived representing the changes with time in the isotope 
content of any tissue. 


Let M represent “ total CO,”, 
a, be the quantity of M (in mg. carbon) in the blood, 
n tissues 7,, T,, . . . 7, contain respectively quantities 
Guides + « =~ Go Oe Me, 
V, be the turn-over of M in any tissue 7, (in mg./min.), 
U, be the rate of production of M by any tissue 7, (in 
mg./min.), 
y(t) be the amount of radioactive M present in the blood 
at time f, 
and y,(t) be the amount of radioactive M present in a tissue 
T, at time ¢. 


At time %, an amount of radioactive M (which is small 
compared with a,) is injected into the blood. This equilibrates 
with the blood and n tissues. 

At time ¢, the blood contains a, of unlabelled M and y,(t) of 
radioactive M, whilst the r” tissue 7, contains a, of un- 
labelled M and y,(t) of radioactive M, which are uniformly 
mixed. At time (t + 82), an amount V,3t of M has been 


FIG. 3. DISTRIBUTION OF “C IN SOME TISSUES AND 
BLOOD AFTER INTRAVENOUS INJECTION OF 
NaH"“co, 
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CONTENT 
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TOTAL 


TIME 
(ARBITRARY SCALE) 


transferred from the blood to each 7,, (V, + U,)ét from T, 
to the blood, and XU,8t has been expelled from the blood. 


These amounts will contain 


y(t) y(t) 
_ i 5 4 = . s + rJOl, 
pes VSt a+alt (V U,)8t, and 


_yM 
a + yay Ue 


of radioactive M respectively, or, since all values of y are 
negligibly small compared with a, these amounts may be 
written respectively as 


Yoysr, (Vv, +U,8t, and*’ Dua. 
ay a, a ’ 


Hence 


¥ 


yt + 81) = y(t) — 2 UV,se + BU (v, + US — ~ Du,Be, 
ay sf a, aA ad 


and y(t + 8) = y(t) + zs V3t — z (V, + U,)8t, 
0 r 


where r=1,2,..., ”. 


Brit. med. Bull. \952 





CARBON DIOXIDE EXCHANGES UH. L. Kornberg & H. A. Krebs 


Therefore, in the limit, 


dy — ~ VV, - U,) Yo 
dr r =? a 





2 (U, + V,), (1) 


Ayr =) 


d r 0 . 
and & = % y _» (vy + uy), (wherer =1,2,...,7”). (2) 
dt a a, 





In applying these formulae to the experiments on cats 
(Kornberg et al. 1952a), only four tissues were taken into 
consideration because experimental data were available for 
these tissues. Together with the blood these tissues—muscle, 
gut, bone and bone-marrow—constitute the bulk of the body. 
The solutions of (1) and (2), when plotted, give curves of the 
form shown in fig. 3. Their general shape is similar to 
those published by previous authors (cf. Branson, 1948; 
Skipper et al. 1951a; Neuberger, 1951; Pelc, 1951; Ritten- 
berg, 1951). The main feature is that the more rapid the 
rise the more rapid is also the fall of the isotope content of 
the tissue. Consequently the relative concentrations of isotope 
in the various tissues change with time. In the early stages, 
blood, gut and muscle contain much more isotope than bone. 
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Later, bone has the greatest amount of all tissues. Thus the 
relative isotope content of a tissue at a given time is not 
necessarily a measure of the relative turn-over rate of the 
isotope in that tissue unless there is an irreversible fixation 
reaction. 


5. Concluding Remarks 


The recent work with carbon isotopes surveyed in this 
article throws fresh light on the movements of the various 
forms of carbon dioxide in the animal body, especially on the 
quantitative aspects. It emphasizes the fact that the carbon 
dioxide of a tissue, like most other tissue constituents, is in a 
dynamic state, interchanging in a characteristic way at rates 
varying from tissue to tissue with the carbon dioxide of other 
tissues, the body fluids, and the alveolar air. 
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In a review written about four years ago in the British Medical 
Bulletin (Neuberger, 1948), the change in our concept of 
protein metabolism brought about by the introduction of 
isotopes was discussed. The old theories, which are associated 
with the names of Voit, Rubner and Folin, assume that the 
bulk of the tissue proteins in the adult is inert and that only 
a fraction of the total nitrogen of the body is being con- 
tinuously replaced by the amino-acids and protein present in 
the diet. Later it appeared, on the basis of the classical studies 
involving ‘°N of Schoenheimer and his colleagues, that this 
idea of a sharp division between different types of proteins was 
completely false and that the whole of the body substance is, 
in fact, in a dynamic state. The more quantitative studies of 
the last five years have led us to modify somewhat the original 
ideas of Schoenheimer and have restored, in a restricted sense, 
the original distinction of Voit between “ circulating protein ” 
which is metabolically very active and “* tissue protein ’’ which 
is either relatively or even absolutely inert. 

This change of outlook or emphasis can perhaps best be 
illustrated by the work of Sprinson & Rittenberg (1949). 
These workers attempted to assess in the intact rat and in 
man the rate of protein synthesis by feeding !5N-labelled 
glycine and measuring the rate of excretion of isotope in the 
urine. It was assumed that the fraction of the labelled nitrogen 
which was not excreted was used for protein formation; the 
urinary nitrogen will therefore reflect the rate of protein syn- 
thesis. Making some further assumptions, some of which may 
not be quantitatively correct, and using earlier data on turn- 
over rates of plasma proteins in man and in rat, and of mixed 
proteins of various tissues of the rat, the American authors 
came to some general conclusions which are almost certainly 
essentially correct, in spite of the various approximations in- 
volved in the thecretical treatment. It appears that the proteins 
of the liver, of the intestinal mucosa, of the kidney and of the 
spleen are constantly broken down and resynthesized at rates 
corresponding to half-life periods of about five days in the rat 
and about ten days in man. Sprinson and Rittenberg believe 
that about half of the total amount of protein which is 
synthesized in the adult is made in the liver. On the other 
hand, tissues like skin and muscle appear to be relatively inert 
metabolically, particularly in man. It would thus appear that, 
at least in the few mammalian species examined, those proteins 
which partake in relatively fast metabolic reactions comprise 
only about 20-25%, of the total proteins of the body. These 
general conclusions are supported by a wealth of data 


accumulated by many other workers, especially Tarver, 
Borsook and Greenberg (see Tarver, 1951), who have found 
very marked differences between various tissues of the rat 
with respect to the rate at which different amino-acids, 
labelled with either '*C or *5S, are incorporated into proteins. 


1. Metabolism of Collagen 


In most studies on turn-over rates, analyses were done on 
the mixed proteins of tissues and these represent a chemically 
and presumably also metabolically heterogeneous mixture. 
The available data on half-life periods do not therefore 
necessarily correspond with those of any actual protein and 
the conclusions which have been drawn about “ body pools ”’ 
based on such data are likely to be quantitatively inaccurate. 
A mixture of proteins with widely differing turn-over rates 
could easily simulate in its activity-time curve that of a single 
protein with an intermediate half-life period. However, until 
satisfactory methods are devised for the fractionation of 
proteins of organs like liver and kidney, we have to accept 
available data as giving a general indication of the metabolic 
activity of the different organs. 

In this laboratory, we have recently turned attention to the 
extracellular protein collagen, largely because of the hetero- 
geneity of the intracellular proteins just discussed. Collagen 
is almost completely free of aromatic amino-acids, but con- 
tains relatively large amounts of hydroxyproline, proline and 
glycine. Gross contamination by cellular proteins is thus 
easily recognized. Moreover, about one-third of the total 
mass of the protein of the mammalian body consists of 
collagen, and approximately 75°% of the total glycine of the 
body is present in this protein. In the first place, we examined 
the turn-over rate of the collagen of the tendon in the rat, with 
the aid of !*C-labelled glycine (Neuberger, Perrone & Slack, 
1951). With young, actively growing rats, the radioactivity 
in the collagen was very high initially, the values for collagen- 
glycine being about 60°% that of liver-glycine. In these young 
animals, the radioactivity of the liver proteins decreased 
quickly, whilst that of the collagen fell relatively slowly. In 
old rats the radioactivity of the glycine isolated from collagen 
was very low at all times of the experiment, whilst the behaviour 
of liver proteins resembled that of growing animals. The data 
indicate that in the young rat when the total amount of 
collagen, like that of other proteins, increases rapidly, the 
labelled glycine is incorporated into the newly formed collagen 
molecule. However, this incorporation appears to be almost 
entirely irreversible, which is shown both by the slow decrease 
of radioactivity of the collagen in young animals and the 
minute activity observed with the adult animals. These 
investigations have now been extended to the collagen of the 
skin, bone and liver. Phe more recent data show that, whilst 
the tendon may be somewhat exceptional, the collagen of the 
other tissues of the body of the rat has a rate of metabolic 
activity which is exceedingly slow, if compared with plasma 
or liver proteins. 

One other aspect of collagen metabolism has recently been 
examined with the isotope technique. Russian workers 
(Orekhovich, Tustanovskii, Orekhovich & Plotnikova, 1948) 
have obtained recently, by extraction of skin with citrate 
buffer of pH 4.0, a soluble protein which resembled the in- 
soluble collagen in amino-acid composition and which could 
also be converted into gelatin. They termed the new protein 
procollagen, but they did not produce any conclusive evidence 
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that this material was in fact a collagen-precursor. This work 
was extended by Highberger, Gross & Schmitt (1951), who 
demonstrated that insoluble collagen and the fraction obtained 
by the Russian workers gave a similar type of electron- 
microgram; however, some of the procollagen fibres had 
axial periods of 2,000-3,000 A. instead of the usual 650 A. 
Dr R. D. Harkness, working in my laboratory, has approached 
this problem of collagen formation from the metabolic angle; 
he injected radioactive glycine into young rabbits and isolated 
the labelled amino-acid from various procollagen and collagen 
fractions at various times after administration of the labelled 
compound. It was found that in the first few days the specific 
activity of the most soluble procollagen fractions is high, 
whilst that of the less soluble fractions and of collagen itself is 
very low. As the interval between administration of glycine 
and isolation of collagen fractions is extended the specific 
activity increases continuously in the more insoluble fractions 
and decreases in the soluble fractions. The total activity shows 
the same regular behaviour. These results prove that the in- 
soluble collagen is not formed as such, but is derived from a 
non-fibrous soluble protein which is correctly named pro- 
collagen. The mechanism of the transformation of procollagen 
to collagen, which shows itself most clearly in a marked 
change of solubility, has not yet been elucidated. The work 
of Highberger et al. suggests that, when collagen or procollagen 
is first formed, it is associated with another protein containing 
a relatively large amount of hexose and hexosamine residues. 
It is thus possible that this initial soluble complex becomes 
dissociated during the conversion of procollagen into collagen. 


2. Quantitative Aspects of Protein Metabolism 


No detailed data have as yet been published about turn-over 
rates of individual muscle proteins such as actin or myosin, 
but such information as is available indicates clearly that the 
mixed proteins of muscle resemble in their metabolic behaviour 
collagen rather than plasma proteins. It would thus appear 
that those proteins which are largely fibrous, and which are 
present in systems such as connective tissue and muscle having 
mainly a mechanical function, have turn-over rates which are 
relatively slow compared with those proteins of which most 
are globular in shape and which are present in the internal 
organs. Although this general picture is certainly correct, 
a quantitative interpretation of the isotope data in terms of 
accurate turn-over rates has not been achieved. One of the 
difficulties, i.e., the heterogeneity of tissue proteins, has al- 
ready been mentioned. 

In the interpretation of isotope data it is implicitly assumed 
that protein metabolism can be treated as an ordinary rever- 
sible chemical reaction. The tissue or individual cell is con- 
sidered as a homogeneous medium in which, in the steady 
state, the amount of protein degraded per unit time is exactly 
balanced by the amount synthesized. It is further assumed 
that the isotope content of the labelled amino-acid fed or 
injected reaches a very high value in the body shortly after 
administration, but decreases rapidly to a value which is small 
compared with that of the amino-acid residue in the protein 
under consideration. If these conditions apply, the decrease 
of activity in the protein will resemble random radioactive 
decay and the following equation should apply: 


Cc. == 3 ila (1) 


where C, is the maximal isotope content which is reached a 
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short time after administration, C, the activity at time t, and k 
a constant characteristic of the protein in question. Parts of 
the activity-time curves of plasma and liver proteins can 
indeed be represented quite satisfactorily by such an equation, 
and the use of half-life periods has therefore some justification 
in a limited field. However, even the data obtained with the 
mixed proteins of liver, kidney and plasma generally fail to 
satisfy equation (1), if the observations are extended beyond 
the first week or ten days. The mixed muscle proteins yield 
activity-time curves which cannot be expressed at all by a 
simple exponential curve and a quantitative interpretation of 
such data is at present very difficult. It is clear that some of 
our assumptions made in devising equation (1) are not valid. 
In the first place the incorporation of the isotopically labelled 
amino-acid into protein is not an instantaneous process. 
There is indeed some evidence (Arnstein & Neuberger, 1951) 
that the isotope content of the free glycine reaches a very high 
value in the liver of the rat a very short time after intraperi- 
toneal administration, then to fall to about 5-10% of this 
maximum figure within a few hours. This period of rapid 
decrease of activity is then followed by a much slower rate of 
decay. It is likely that the isotope contents of the free amino- 
acids in organs such as muscle never reach such high values as 
are obtained initially in liver. It follows from these considera- 
tions that the observed activity-time curves reflect not only the 
intrinsic turn-over rates of the tissue proteins but also the 
changes in activity of the free amino-acids in the body and, 
probably to a minor extent, the different permeability 
characteristics of the various types of cells. In other words, 
when a labelled protein breaks down, the radioactive amino- 
acid residue is not replaced by an amino-acid of zero activity 
but by material of lower activity than the one which is being 
replaced. It is therefore necessary for a better understanding 
of the activity-time curves of proteins to know the changes, 
with time, in the isotope content of the labelled free amino- 
acids. These rates of change will be different for essential and 
non-essential amino-acids and will be dependent on the diet 
and other variables. 

In this discussion we have treated the protein synthesis and 
degradation as a mechanistically reversible, if not a thermo- 
dynamically reversible, process, and we have assumed that 
the cellular proteins are degraded in a truly random manner. 
This may be correct for those cytoplasmic proteins which are 
in solution, but is probably quite wrong for proteins which 
form part of an organized structure, such as mitochondria, 
microsomes, muscle fibres, etc. Shemin & Rittenberg (1946) 
have produced convincing evidence that the haemoglobin 
molecule is metabolically inert or almost inert until the red 
cell itself breaks down. It is possible that this behaviour is not 
exceptional and that the metabolic activity of actin or myosin 
in the muscle fibre, or that of collagen, for example, is not a 
continuous function, but varies in a discontinuous manner 
and is dependent on morphological changes of the structures 
with which these proteins are associated. In such a case the 
change with time of the activity of a protein constituent could 
not be represented by a simple exponential equation, 
especially if the scatter of the ‘ life-span’ of the individual 
structures round a mean value were relatively small. There 
is no evidence available at present that such discontinuities in 
protein metabolism owing to ‘ ageing’ of organized sub-units 
of cells really exist, but the possibility must be kept in mind. 

The use of the method of measuring protein turn-over by 
assaying radioactivity of a protein or of a protein constituent 
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after administration of a labelled amino-acid implies one 
further important assumption which has not been explicitly 
stated, i.e., that protein break-down consists entirely of 
hydrolysis to free amino-acids which equilibrate completely 
with the labelled amino-acids fed or injected. This is un- 
doubtedly a simple and convenient working hypothesis, but 
there is no reason to assume that complete break-down to 
free amino-acids is the only possible ultimate fate of protein 
molecules. It is conceivable, for example, that a protein may 
be hydrolyzed to peptides and that some of the peptides thus 
formed may be re-utilized for the synthesis of the original 
protein or for the synthesis of a protein of different structure. 
In either case degradation and synthesis may not be reflected 
in changes of isotope content. It is also conceivable that part 
of the structure of a protein or some of the peptide chains may 
be metabolically more active than other parts of the structure 
or other peptide chains. If this were the case it would follow 
from the concept of the steady state that the rates of synthesis 
of different peptide linkages in a protein would not be identical. 
In order to get more information on the mechanism of pro- 
tein synthesis, some preliminary experiments on the rate of 
incorporation of radioactive valine into the haemoglobin 
molecule of the rat have been carried out (Muir, Neuberger 
& Perrone, 1952). In this protein, valine residues are present 
in the middle of the peptide chains and also in terminal 
positions providing free amino groups. These two types of 
valine can be readily separated as 2: 4-dinitrophenyl deriva- 
tives. Radioactive valine was therefore given to groups of 
rats and the animals were killed at various times after adminis- 
tration. The haemoglobin was crystallized and the radio- 
activities of the two types of valine residue were determined. 
It was found that these activities were identical in any one 
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experiment. This finding is compatible with the assumption 
that this protein is formed directly from amino-acids and that 
peptides, which may exist as intermediates, have only a 
relatively short life. Further work, however, is required 
before this interpretation can be accepted as applying to 
proteins in general or to other types of amino-acid residues. 

It will be obvious from this discussion that a quantitative 
interpretation of isotope results obtained with the whole 
animal is a goal which will not be achieved in the immediate 
future. There is no doubt that it was justified to use an over- 
simplified model in explaining the results obtained in the 
earlier experiments. However, as more data become available, 
we shall have to replace this simple picture through a process 
of successive approximations by a more complex description, 
taking into account both the multiplicity of reactions which 
proteins and amino-acids undergo and the fact that the body 
is not a single homogeneous unit but consists of a number of 
compartments interacting with one another at greatly differing 
rates. 

One last point should be emphasized. Isotope data cannot 
be interpreted in isolation, but can be understood only in 
conjunction with results obtained by other techniques. It 
would probably have been impossible to interpret satisfactorily 
many data obtained with isotopes, unless we had had at our 
disposal a great body of knowledge on biological reactions 
acquired by the study of isolated enzymes or other, more 
complex, systems such as tissue homogenates or mitochondrial 
suspensions. The use of isotopes is one method which, if 
used by itself, may lead to wrong conclusions, but if em- 
ployed in combination with other physiological and chemical 
techniques constitutes a most powerful tool in the study of 
metabolism. 
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It has become clear in recent years, largely as the result of 
investigations by Whipple and his collaborators, that the role 
of plasma proteins is far removed from the static one postu- 
lated in the classical physiology of Folin. By the study of 
effects of massive transfusion and withdrawal of plasma 
proteins, it has become evident not only that these can pass 
freely in and out of the blood-stream, but that the body has 
an astonishing capacity for plasma protein production and 
break-down. Almost all these important experiments suffer, 
however, from the defect that metabolic equilibrium is 
temporarily disturbed, and it is not clear how much of the 
final picture represents normal physiological function and 
how much is due to the manner of carrying out the experiment. 

With the advent of isotopes, this field of investigation was 
obviously ripe for re-examination and, most appropriately, by 
~ the school of investigators at Rochester, N.Y. Stable isotopes 
were used initially by them, and earlier by the Columbia 
workers, and it was realized that they have certain limitations. 
In particular, so far as ultimate extension of the work to 
humans is concerned, the relative insensitivity of the mass 
spectrometer requires that costly amounts of amino-acids 
labelled with deuterium, *C or N, must be used; in addi- 
tion the quantities are such that, after all, the primary con- 
dition—that the dose of amino-acid should not be such as to 
disturb the dietary equilibrium—is not fulfilled. The use of 
radioisotopes is not accompanied by either of these dis- 
advantages and it is clear from the recent literature that most 
investigations in progress now and for some time to come will 
make use of them. For the most part in this article we shall be 
concerned with applications of radiocarbon, and first of all 
with some practical aspects. 


1. Determination of Dosage 


Several !*C-labelled amino-acids are available (in Great Britain, 
from the Radiochemical Centre, Amersham)! at specific activities of 
the order of 1 mc./g. While a few have not so far been prepared at 


1 See Grove & Catch, p. 234 of this Bulletin. 
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this high activity, others, such as glycine and [*°S]-methionine, are 
available at values 50 times higher. About 5% of a fed or injected 
L-amino-acid is utilized to form plasma protein in most animal 
species, and after 10 days about one-fifth of this is still present in 
plasma proteins. Assuming that 0.5-1°% of the blood volume may 
be withdrawn without disturbance, later samples in this type of 
experiment contain roughly 10—° of the injected dose. If the isotope 
is assayed as a solid sample of so-called “* infinite ” thickness, 30 mg. 
of labelled protein or other organic compound are required, and, if 
a conventional thin-window counter is used, this must contain 
approximately 2.5 x 10—* uc. to give a count equal to background; 
therefore, the dose administered cannot be much less than 25 pc. 

This dose, evenly distributed throughout the tissue carbon of an 
average human, assuming no loss by excretion, corresponds to a 
radiation dosage of only 0.01 rep (réntgen-equivalent-physical) per 
week, and the possibility of radiation damage affecting the results 
of the experiment can be excluded. The possibilities of genetic or 
carcinogenic damage are more difficult to assess, but the evidence 
is such that these too can be considered remote. In general, there- 
fore, these conditions are practical in an investigation on plasma 
protein with '*C and indeed have already been used in animals and 
humans (cf. Miller et a/. 1949; Berlin, Lawrence & Lei, 1951; 
Berlin, Tolbert & Lawrence, 1951; Hellman et a/. 1951). 

The technique may, however, be refined by the use of gas count- 
ing, that is by pumping '*CO, into Geiger or proportional counters 
of various kinds. These are almost 100% efficient since they suffer 
no loss of efficiency due to absorption. With the gas technique, 
biological samples of 2-5 mg. suffice and the dose to the animal 
can be reduced by a factor of at least 10. These are desirable 
advantages on most occasions and in some circumstances they are 
decisive. An example concerned with the investigation of amino- 
acids in rabbit plasma is given below. 


2. Choice of Labelled Amino-Acid in the Study of Plasma Protein 
Metabolism 


The view is now widely held that the plasma protein molecule is 
produced from amino-acids by something akin to a single event, so 
that polypeptide fragments are not found. In addition, there is a 
notable lack of evidence that amino-acid residues in the molecule 
exchange with free amino-acids in the plasma or elsewhere. From 
this it should not be assumed that the plasma protein turn-over 
curve obtained with one amino-acid will necessarily be the same as 
with any other, although, in fact, experience shows that they have 
general similarities. 

Variations are to be expected because of differences in the 
specific activity of the amino-acid as injected and as presented 
intracellularly at the site of protein synthesis. The injected acid 
mixes with more of the same acid in lymph and plasma and later 
passes into an intracellular “ pool” of undefined capacity and in 
which not all amino-acids suffer simple dilution. Glycine and 
serine, for example, are interconvertible (Shemin, 1946) and can be 
regarded as sharing a common pool, as can also methionine and 
cystine (Tarver & Schmidt, 1939) at least as far as SH groups are 
concerned. Also, the level of a non-essential amino-acid in the pool 
will be affected by endogenous production of the acid, a factor 
which is absent in the case of essential amino-acids. 

There is, however, one important reason for giving preference to 
an essential amino-acid in this kind of investigation. Simul- 
taneously with protein production, amino-acids enter into a variety 
of metabolic reactions, in the course of which a significant 
proportion of the label finds its way into other non-essential amino- 
acids which later are incorporated into protein. As will be dis- 
cussed in greater detail below, the interpretation of the plasma 
protein turn-over curve requires especially a knowledge of the pro- 
portion of the protein activity which is derived directly from the 
injected amino-acid. In general, essential amino-acids take part 
in fewer reactions in the body and therefore do not share their label 
so readily. They are not ideal since, in fact, the fragments pro- 
duced by their oxidation are re-utilized in some degree. An 
amino-acid which the body can produce but cannot oxidize would 
meet the requirements, but, of course, none such is known. 

The site of labelling in the amino-acid molecule is probably im- 
portant only in so far as it affects the specific activity of the precursor. 
For example, in almost all amino-acids some proportion of the 
a-nitrogen is affected by de- or trans-amination and plasma protein 
turn-over curves will not therefore be the same, depending on 
whether a nitrogen or carbon label is used. Lysine is almost 








unique in not being deaminated (Foster, Schoenheimer & Ritten- 
berg, 1939) and therefore the plasma protein turn-over curves 
obtained with both labels are identical (Miller et a/. 1949). On the 
other hand, enough is known of the metabolism of methionine to 
predict that the plasma protein turn-over curve will be different, 
depending on which carbon is labelled or whether a nitrogen or 
sulphur label is used. 


3. Site of Plasma Protein Production 


Notable advances have recently been made demonstrating 
that all the plasma albumin and fibrinogen and 80% of the 
globulins are made in the liver (Miller et al. 1951). Using a 
perfused rat liver preparation which is supplied with oxy- 
genated blood containing C-labelled L-lysine, it is found 
that the curve of labelled plasma protein production over a 
period of 7 hours is similar to that shown by the normal rat. 
When the pi-acid is given, only the L-form is utilized; and 
the largest amount is utilized when it is accompanied by a full 
complement of essential and non-essential amino-acids and 
glucose. Ifa similar complete mixture is given to a surviving 
rat carcass, posterior to the second lumbar vertebra, the labelled 
lysine disappears from the circulation as before, but the plasma 
proteins become labelled at a much lower level (5-20%) and 
only globulin is labelled (Bly, Miller & Bale, 1950). 

In the perfused liver preparation the level of free ['*C]-L- 
lysine in the blood falls to 10% of its initial value in 6 hours 
and a weight of labelled plasma protein is produced equal to 
the 6-hourly production in a normal animal. A _ second 
injection of lysine at 4 hours suffers much the same fate, 
which suggests that the liver has an ample capacity for 
plasma protein production and indeed that this is limited 
in vivo by exhaustion of one or other essential amino-acid 
in the blood supply. 

It is notable in these experiments that the proportion of 
L-lysine which is oxidized (20-30°%) and converted to liver 
and plasma protein (6% each) in 7 hours is similar to that 
found at the same time in the intact animal. In fact, and 
somewhat surprisingly, the isolated liver appears to be 
capable of doing what the liver plus tissues do normally. The 
authors do not speculate on the fate of the remainder (60%) 
in the perfused liver preparation, but presumably it is present 
as intracellular free amino-acid. On the other hand, the 
almost complete disappearance of the amino-acid from the 
blood suggests that plasma protein synthesis was stopped by 
shortage of lysine. 





4. Plasma Protein Space 


Considering now what happens to the daily production of 
plasma proteins, it is established in the first instance that they 
diffuse into the extravascular space. This has long been 
anticipated from studies of the composition of lymph, but 
only recently confirmed quantitatively by means of isotopic 
labelling. Perhaps the most direct demonstration is by 
Wasserman & Mayerson (1951), who injected iodine-labelled 
human and canine albumin into a dog with a thoracic duct 
fistula and followed the level of protein-bound activity in the 
plasma and lymph. They show that the lymph level rises as 
the plasma level falls until at 11-13 hours an equilibrium is 
reached at which the specific activity of protein outside and 
inside the blood vessels is the same. The injected iodo- 
protein is quantitatively accounted for if the capacity of the 
extravascular space is assumed to be approximately the same as 
that of the vascular space. These observations are for the most 
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part confirmed by other workers using proteins labelled with 
[“C}lysine (Fink et al. 1944; Miller et al. 1949), [*S]- 
methionine (Zeldis & Madden, 1950), [**C]-serine (Abdou & 
Tarver, 1951) and !"I-labelled albumin (Sterling, 1951). 


5. Fate of Plasma Proteins 


It has been known for some time that a patient can be 
maintained indefinitely in nitrogen balance by plasmapheresis, 
i.e., by the parenteral feeding of homologous plasma proteins, 
but only after a period of marked nitrogen retention lasting 
more than a week (cf. Madden & Whipple, 1940). Recent 
work has demonstrated that this nitrogen retention is part of a 
retention of whole amino-acids. One week after the trans- 
fusion of plasma proteins labelled with ['C]-lysine to the 
dog, only 12% of the dose had been expired or otherwise 
excreted or incorporated into red cells (Yuile et al. 1951). 
Of the remainder, 16% was present in the proteins of the 
plasma, and approximately the same in the lymph, with at 
least 35% in the tissues as protein other than lymph protein. 
More than half of the latter is accounted for as protein of low 
specific activity in muscle and skin. This striking retention is 
absent when the same amount of labelled plasma protein is 
given orally. 

The simplest view to explain the facts, and the one which 
the Rochester workers favour, is that the tissues are not 
immediately able to hydrolyze a mass of plasma protein much 
larger than is normally handled, and store it intracellularly 
as such. This implies that plasma protein molecules can enter 
tissue cells without serious reduction in size and it is not 
immediately evident how this is done. An alternative is to 
assume that they are broken down to the amino-acid level, 
or near it, in circumstances such that the diffusible products 
of degradation are able to enter the cells and be converted to 
cellular protein while remaining out of contact with the lymph. 
Neither view accords easily with conventional ideas on cell 
biochemistry and further work is clearly necessary. 

Abdou & Tarver (1951), after transfusing serine-labelled 
plasma proteins to rats, find a much higher percentage in the 
expired air (15% in the first day) and much smaller amounts 
in muscle at the end of a week. They see no need to postulate 
an equilibration between plasma protein and tissue protein 
and interpret their results to mean that plasma protein break- 
down occurs mainly in the liver. 


6. Curve of Free Plasma Amino-Acid Activity 


The course of the plasma protein activity curve depends 
crucially on the rise and fall of precursor activity and there 
are grounds for believing that the plasma level of a labelled 
amino-acid falls sharply immediately after it is injected. Few 
actual measurements have been published, however, pre- 
sumably because of technical difficulties in making them. The 
concentration of free amino-acids in the plasma is low and 
numerous blood samples have to be taken over a period of a 
few hours without metabolic upset to the animal, so that only 
small volumes may be taken. It is practically essential there- 
fore to use gas counting. In addition, the free amino-acids 
must be separated from plasma proteins and diffusible inter- 
mediates, such as glucose and urea, which may become 
labelled. This has recently been done (Dovey, Holloway & 
McFarlane, unpublished work, 1951) in the case of ['*C]- 
glycine in the rabbit by withdrawing 1 ml. blood samples and 
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FIG. 1. SPECIFIC ACTIVITY CURVES OF RABBIT PLASMA AMINO-ACIDS AND PROTEINS AFTER A SINGLE 
INTRAVENOUS INJECTION OF ['‘C]-METHYLENE-LABELLED GLYCINE 
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Free glycine values are derived from free amino-acid carbon values on the basis of 13% glycine in free amino-acids of rabbit plasma (Krueger, 
1950). Protein glycine values are derived from measured protein carbon specific activities on the basis of 2.4% glycine in rabbit albumin and 


1.7% in rabbit globulin (Campbell & Work, 1952) 


dialyzing the serum against 20 mg. of inactive glycine. The 
amino-acids of the dialysates were then adsorbed on resin 
columns and eluted with ammonia. Figure 1 shows that 
the fall in activity—to below 10% of the initial value in 
2 hours—is faster than expected. 

Radioactivity measurements on the first dialysate—from a 
blood sample taken from one ear 10 min. after the injection 
into the opposite ear—indicate a dilution of the injected glycine 
of approximately 2,000-fold. On the other hand, 0.03 mg. 
glycine was given and the rabbit could not have much more 
than 10 mg. glycine altogether in blood and lymph, i.e., 
enough to dilute it 300-400-fold. Clearly, appreciable penetra- 
tion of cells must have taken place inside 10 min. 

It is known that the free glycine of liver, kidney and intestine 
in particular becomes labelled soon after glycine is injected 
(Arnstein & Neuberger (1951) review and supplement the 
evidence for this). The liver and kidney of the rabbit contain 
47 and 45 mg.-% free glycine respectively (Krueger, 1950) 
and the intestine in the rat has 76 mg.-% (Todd & Talman, 
1949). There was available, therefore, in the particular rabbit 
used, an additional 70 mg. of free glycine in these organs, 
which happens to be practically the amount required to 
explain the measured radioactivity of the first sample. 
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Borsook et al. (1950), using intravenous injections of 
labelled glycine, histidine, leucine or lysine in mice, find less 
than 6% of the dose in the blood and lymph after 10 minutes, 
as compared with 12% in the rabbit experiment, and no doubt 
their lower figure is due to the high dose of amino-acid (0.7- 
1.5 mg./25 g. mouse) used. These workers also find that 
18-47% of the injected amino-acid is incorporated within 
30 minutes into visceral protein which shows maximum specific 
activity at 1 hour corresponding with maximum rate of expiry 
of *CO,. Later, the plasma proteins become labelled and at 
2 hours have the same mean specific activity as visceral 
protein, and subsequently exceed it. The finding that such a 
high proportion of the dose is incorporated into visceral 
protein is unexpected, and attention may be drawn to the fact 
that the weight of protein in the viscera far exceeds that of 
free amino-acids, while the specific activity of amino-acid 
carbon in the first half hour is several orders of magnitude 
greater than that of protein carbon. These circumstances 
require that special precautions should be taken to ensure 
against adsorption of traces of amino-acid on the coagulated 
proteins (cf. Juni et al. 1948). Miller et al. (1951) carry out 
repeated washing of the coagulated proteins with an excess of 
inactive amino-acid and the writer has also found this to be 












essential. Nevertheless, it is clear from Borsook’s results that 
protein synthesis in the viscera is extremely rapid, and this is 
probably supported by the high rate of expiry of '*CO, in the 
first hour (confirmed by Berlin, Tolbert & Lawrence (1951) in 
man and also found by Miller et al. (1951) in the perfused 
liver preparation). 

The facts suggest that the abrupt decline of plasma amino- 
acid specific activity between 10 minutes and 2 hours is due to 
protein synthesis and not merely to further expansion of 
glycine into a pool some ten times larger than the liver-kidney- 
intestine one. This is made evident so far as the liver is con- 
cerned by the specific activity attained by the glycine present 
in the proteins of the plasma and shown also in fig. 1. Since 
the rabbit renews approximately 7.5% of its plasma proteins 
in 12 hours (Table 1), labelled molecules produced in this 
period will be diluted 13-fold with inactive molecules already 
present, and molecules produced from glycine of the same 
mean specific activity as that present in the plasma between 
2 and 12 hours cannot account for more than 10% of the peak 
activities observed. The remainder must be derived from 
molecules produced during the first 2 hours, and simple 
calculation shows that some of them must be produced even 
within the first 10 minutes. 

The relatively high activities of free glycine compared with 
those of protein-bound glycine after 12 hours is a striking 
feature of this experiment. Several factors enter into the 
calculations on which fig. | is based, notably the proportions 
of glycine in the free amino-acids and proteins of the rabbit, 
and no doubt errors are present due to the fact that these 
proportions were not actually determined for the animal used. 
It seems clear, however, that the free glycine activities are of 
the same order as the protein-bound values unless substantial 
spread of activity from the injected glycine to other amino- 
acids has occurred within.the first few hours. Such a d 
conversion would be mainly to serine (Shemin, 1946) and ite 
happens that plasma proteins generally are rich in this amino- 
acid and low in glycine, whereas almost the reverse relation- 
ship usually holds in the free amino-acids of plasma. If 
serine became labelled the measured radioactivity of the free 
plasma amino-acids and proteins which we have attributed 
solely to glycine would in fact come only partly from it and 
the true specific activities of glycine would be less than those 
shown in fig. | by a factor which depends on the ratio of 
serine to glycine. The effect therefore would be to lower the 
protein glycine values more than the free glycine values and 
might indeed affect the main conclusion that 90% of the 
protein is labelled in the first 2 hours. On the other hand the 
protein glycine curves throughout their course would then 
run well below the free glycine curve, which is an inadmissible 
precursor-compound relationship (Zilversmit, Entenman & 
Fishler, 1943). The fact that the albumin already appears to 
violate this condition is presumably due to the inaccuracies 
already referred to, or to the fact that the free amino-acid 
in the plasma is not the immediate precursor of plasma 
protein. 


7. Transfusion of Labelled Proteins 


The effect of re-utilization of amino-acids on the slope of 
the declining part of the plasma protein curve is well recog- 
nized and has led several workers to inject labelled homo- 
logous plasma protein instead of the free amino-acid. In this 
way, the tissue proteins do not become highly labelled and 
hence do not maintain the specific activity of free plasma 
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FIG. 2. RATE OF DECLINE IN SPECIFIC ACTIVITY 
OF PLASMA PROTEIN AND PROTEIN FRACTIONS 
FOLLOWING TRANSFUSION OF LABELLED PLAS- 
MA INTO NORMAL DOGS 
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amino-acids at a significant level. Using lysine-labelled 
proteins in the dog (Miller et al. 1949) and plotting the 
protein specific activities on a semilogarithmic scale (fig. 2), 
it is evident that, after equilibrium with the lymph is established 
at around 10 hours, the slope changes abruptly. The authors 
take the slope between 39 and 144 hours and find it to corres- 
pond to a half-life of 120 hours in one experiment, and in 
another they choose the slope between 28 and 100 hours 
corresponding to a half-life of 120 hours. It seems that there 
is considerable latitude in this choice. For example, in the 
first experimc nt the slope between 15 and 60 hours corresponds 
to a half-life of only 50 hours instead of 120 hours. In fact, 
the degree of linearity between 10 and 200 hours is not very 
high in any of the plots. Abdou & Tarver (1951), using 
serine-labelled human albumin in man, find that the activity 
curves plotted on an exponential scale are not linear until 
after 3 days. Wasserman & Mayerson (1951), on the other 
hand, obtain linearity from 24 hours onwards after transfusing 
iodine-labelled canine albumin. It appears that several 
factors may affect the curves in the first 2-3 days, e.g. the 
quantity of labelled protein given and the nutritional state of 
the animal. Subsequently, additional factors come in- 
creasingly into play, such as the higher error in counting 
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weaker samples, and the re-utilization of amino-acids liberated 
by the degradation of transfused molecules. The writer is 
inclined to question the validity of a procedure which is 
increasingly used, namely that of extrapolating the curve 
after the third day. in order to measure a half-life which is 
itself of the order of 3 days. Indeed, the evidence available is 
not adequate to preclude the possibility that special factors, 
which act to obscure the exponential decay expected on 
theoretical grounds, are operative from the time of the initial 
injection. 

It may be pointed out also, on the practical side, that it is 
important in transfusion experiments of this kind to be sure 
that only labelled protein is given. This is usually obtained 
from the donor animal 6-8 hours after a large injection of 
labelled amino-acid and contains highly active amino-acids, 
and non-nitrogenous products in addition to labelled protein. 
Not all workers appear to take adequate precautions to 
separate these. 

Bearing these provisos in mind, we find in the literature the 
half-life values listed in Table I. Sterling’s figure of 10} days 
for man appears to be the only one available by the injected- 
protein technique. Kinsell et al. (1950), however, have 


TABLE |. HALF-LIFE VALUES OF PLASMA PROTEINS 
IN VARIOUS SPECIES 





Half-life 


Species Labelled protein injected (days) Reference 





Serine-labelled rat plasma 3 Abdou & Tarver 
protein (1951) 
Lysine-labelled dog plasma 5 Miller et al. (1949) 
protein 
131|-labelled human albu- 
min 
Rabbit | Glycine-labelled rabbit 
plasma protein 
Rabbit | 134I-labelled human albu- 
min 


Sterling (1951) 


Come & Work 
(1952) 


Sterling (1951) 





given [*°S]-methionine to human volunteers and have found 
that the rate of decline of the curves in the period 2-5 days 
corresponds to a half-life of 5-6 days. The discrepancy is 
difficult to explain, since the recognized complications 
associated with the injection of the amino-acid usually act 
in the direction of increasing the apparent half-life. Sterling 
(1951) quotes a personal communication from Janeway and 
Heyl to the effect that immunological studies with crystalline 
bovine albumin reveal progressively slower rates of dis- 
appearance in rabbit, dog and man, and he finds close agree- 
ment between the immunological and tracer methods using 
human albumin in rabbits. 


8. Shape of the Plasma Protein Turn-Over Curve 


The most important single factor determining the declining 
slope of the curve, after protein equilibrium between plasma 
and lymph is established, is undoubtedly the rate of dilution of 
active by inactive molecules. Whether the plasma proteins are 
labelled by injecting amino-acid or by highly labelled plasma 
protein molecules, it is reasonable to assume that subsequently 
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indiscriminate removal of active and inactive molecules from 
the lymph or plasma, or both, takes place at the same rate as 
new protein is produced. Such random withdrawal from 
the pool alone will not, of course, affect the mean specific 
activity and the decline of the curve must be due to the 
progressive dilution of pool protein by new plasma protein. 
The slope will therefore be a function both of the absolute 
production rate and of the amount of plasma protein in the 
pool. Any disturbance leading to mobilization of protein 
from the tissues into the pool will be interpreted as an 
apparent reduction in half-life. 

We may thus derive the following over-all picture of what 
happens after an injection of labelled amino-acid. The liver, 
and possibly other tissues which are steadily producing plasma 
proteins, begin to produce labelled ones within minutes, and 
because of the steep decline in activity of free amino-acid in 
plasma and lymph it produces highly labelled ones only in 
the first two hours. This short-lived production largely 
determines the general shape of the turn-over curve. For 
physical reasons it takes 10-15 hours for the labelled protein 
molecules to become evenly distributed in plasma and lymph 
and to produce a peak of plasma protein specific activity. 
The height of the peak for a particular plasma protein will 
depend on several factors—the height of the precursor peak, 
the rate of synthesis, the proportion of labelled amino-acid in 
the protein, and the amount of the protein in the lymph and 
plasma pool. 

The slope of the rising part of the turn-over curve will 
depend on all factors affecting the height of the peak, but also 
on when it occurs, so that additional factors, such as the 
viscosity of lymph and plasma, the vigour of blood and 
lymph capillary circulation and the molecular size of the 
protein, will play a part. After the peak the rate of decline 
which sets in will depend again on all factors affecting the 
height, but in addition more particularly on the continued 
liberation of new protein into the lymph and plasma. This 
protein will be labelled at a level which is at first insignificant, 
but later, and increasingly, will cause a significant reduction 
in the slope of the curve. Spread of activity from the given 
amino-acid to others will have a similar effect, and ultimately 
the plasma proteins will come to have a uniform specific 
activity which will be that of the body protein as a whole. 

Not enough evidence is available to test the adequacy of this 
picture, but we may discuss some implications. For instance, 
it is possible that plasma proteins are removed and destroyed 
without reference to their special properties, i.e., in proportion 
to their concentration in plasma and lymph. Thus if the 
albumin/globulin ratio is 2:1 then 2 molecules of albumin 
will be destroyed to every 1 of globulin. This means that 
albumin will be produced twice as fast and, in a tracer 
experiment, twice as much label will go into the albumin pool. 
Since this is twice the globulin pool, the height of the specific 
activity maximum will be the same for both proteins, pro- 
vided that albumin and globulin molecules contain the same 
proportion of amino-acid. Méiller et al. (1949) record that 
globulin always reaches a higher maximum in dogs than does 
albumin, but they do not discuss the amino-acid proportions 
in the two. The writer and colleagues have hydrolyzed both 
proteins in the course of a human investigation, using ['*C]- 
valine, and have isolated the amino-acid. They find the maxi- 
mum activity of globulin valine to be higher, indicating in 
this (myeloma) patient that globulin is produced faster than 
albumin. Some additional interest attaches to the finding, 
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The synthesis of long-chain fatty acids from a two-carbon com- 
pound was postulated more than seventy years ago by Nencki 
(1878), who demonstrated that two molecules of acetaldehyde, 
a product of fermentation by yeast, will condense in an alkaline 
medium to aldol and suggested that the latter might be 
rearranged to butyric acid. This idea was further developed 
by Magnus Levy (1902) and Raper (1907) and it was con- 
sidered that the long-chain fatty acids might be formed by 
multiple condensations of acetaldehyde. 

It might seem very much out of place to quote publications 
of fifty to seventy years ago in a symposium devoted to the 
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because the globulin concentration in the plasma was enor- 
mously increased, and the maximum activity was not reached 
until 30 hours, whereas the albumin maximum was at 15 
hours. Evidently viscosity and other factors which delay the 
appearance of labelled globulin do not seem to affect albumin. 

Kinsell ef al. (1950), using [*°S]-methionine in a case of 
idiopathic hypoproteinaemia, find the declining slope of 
plasma protein activity to be greater than in normals and 
conclude that “a very excessive rate of catabolism of plasma 
protein occurs”. In view of the fact that the idiopathic 
patient has a subnormal concentration of plasma protein, 
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biological application of isotopes. A little reflection, however, 
will show that the references are appropriate in that they 
illustrate that experimental proof of an idea is much delayed 
in the absence of an appropriate technique. The first experi- 
mental demonstration that C, compounds are indeed used in 
the synthesis of fatty acids and sterols was made by Smedley 
MacLean & Hoffert (1926), who found the accumulation of 
these substances in yeast cells grown in a medium in which 
either ethanol or sodium acetate was the sole source of 
carbon. Nevertheless, the importance of two-carbon com- 
pounds in the metabolism of fat in animals had not been 
fully appreciated until after 1935, when Schoenheimer and 
Rittenberg introduced the technique of isotopic labelling for 
the study of this problem (see Schoenheimer, 1941). 

Bloch & Rittenberg (1942a, 1952b) reported that the small 
molecules from which cholesterol and fatty acids are syn- 
thesized in animals are acetate units, or a more reactive 
derivative of acetate. Since then the central role of acetate in 
the metabolism of fat in animals has been well established, 
almost entirely on the basis of work carried out with the aid of 
isotopic tracers (for reviews see Bloch, 1947, 1948). 

In this article some recent evidence on the mode of syn- 
thesis of fatty acids from acetate and on the mechanism of 
conversion of carbohydrate to fat will be discussed. 


1. Fat Synthesis in the Lactating Mammary Gland 


Recent investigations on the metabolism of the lactating 
mammary gland have shown that this gland is particularly 
suitable for the study of fat synthesis—and, indeed, of other 


this seems a doubtful conclusion. In the myeloma case 
mentioned, the opposite state of affairs was encountered, 
namely a much reduced slope in the declining part of the 
plasma protein curve, and the patient was not excreting protein, 
so that anabolic and catabolic rates should be approximately 
the same. The apparent slow catabolism in this case is 
presumably due to the large amount of protein in the lymph 
and plasma. It was surprising, however, to find that the 
albumin as well as the globulin curve in this case declined 
abnormally slowly, although the albumin concentration in 
the plasma was much below normal. 
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synthetic reactions also. This is not only because of the 
remarkable speed of these reactions in this gland, but also 
because the products of synthesis are rapidly secreted as milk 
into the storage system of the gland and, once there, consti- 
tuents of milk are not metabolized further. 

The problems of metabolism of fat in the mammary gland 
will not be discussed here (for review see Popjak, 1952); the 
only relevant fact that should be mentioned is that milk-fat 
consists almost entirely of glycerides in which all the normal 
fatty acids with a chain-length of 4 to 18 carbon atoms are 
present. The origin of milk-fat has been a much debated 
subject in the past, but it has been shown recently by experi- 
ments on a lactating goat (Popjak, French & Folley, 1950, 
1951a) and on lactating rabbits (French & Popjak, 1951) that 
milk-fat results primarily from the endogenous metabolism 
of the mammary gland and not from an absorption of blood 
lipids. It was found, for example, that during the first 3 or 4 
hours after the injection of [carboxy-'*C]-acetate to a lactating 
goat the milk fatty acids (especially the short-chain acids) 
contained several hundred times more ™C than the fatty 
acids of the blood plasma (Popjak et a/. 1950, 1951a). This 
observation left little doubt that the milk fatty acids were 
synthesized from acetate in the udder. It was calculated that 
in 6 hours one-half of the acetate not oxidized in the animal 
was converted into milk-fat. 


2. Mode of Synthesis of Fatty Acids from Acetate 


In order to interpret more fully the role of acetate in the 
synthesis of milk-fat, the crude fatty acids obtained from the 
milk of the goat injected with [carboxy-'C]-acetate were 
resolved into individual fatty acids, some of which were also 
degraded chemically (Popjak et al. 1951b). The specific 
activities of the pure fatty acids isolated are shown in Table I 
and the results of chemical degradations in Tables II and III. 
It is of some interest that, in addition to the fatty acids well 
known to be present in milk-fat, small amounts of acetic acid 
have also been isolated. The relation of this acetic acid to the 
metabolically active acetate is not yet known; it is present not 
only among the fatty acids of goat milk, but is found also in 
rabbit milk and in the glyceride fat of the rabbit’s liver 
(Popjak & James, unpublished observations). 


TABLE |. SPECIFIC ACTIVITIES (1 x 10° uc. '*C/mg. C) 
OF PURE FATTY ACIDS OBTAINED FROM GLY- 
CERIDES OF MILK DURING VARIOUS INTERVALS 
AFTER INTRAVENOUS INJECTION OF 5 mc. OF !4C 
AS CH,'*CO.Na INTO A LACTATING GOAT (Popjak 
et al. 1951b) 


Period of experiment from which 
fatty acids were pooled 
Fatty Acid 


0-12 hr. 12-48 hr. 


Acetic . 

Butyric ‘ 
Caproic (hexanoic) 
Caprylic (octanoic) 
Capric (decanoic) . 
Lauric . : 
Myristic 

Palmitic 

Stearic . 

Oleic 


coo 
38 
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The chemical degradation of the acetic acid isolated from 
the milk-fat of the goat showed the presence of C only in 
the carboxyl-C (Table II), indicating that redistribution of 
the label from the injected [carboxy-'C]-acetate did not 
occur in the animal. It is in keeping with this finding, that in 
the other fatty acids degraded, #“C was found only in the odd- 
numbered carbon atoms, the carboxyl-C being taken as 
number 1. In butyric acid the specific activity of the two 


TABLE Il. SPECIFIC ACTIVITY (1 x 10° yc. “C/mg. C) OF 
INDIVIDUAL CARBON ATOMS IN ACETIC, BUTY- 
RIC AND CAPROIC ACIDS FROM MILK GLYCERIDES 
AFTER INTRAVENOUS INJECTION OF 5 mc. OF 
CH,"CO,Na (Popjak et al. 1951b) 





Period C atom numbers 


Average of 
of | all C atoms 

experi- determined 
| before 

(COOH)}| degradation 


ment 


Butyric 
Caproic 


Acetic 
Butyric 
Caproic 


Butyric 
Caproic 





labelled carbon atoms, number 1 and 3, was equal, showing 
that butyric acid was synthesized from two molecules of 
acetate of equal isotope content in such a way that the methyl- 
carbon of one was linked to the carboxyl-carbon of the other. 
It is seen from Table II, however, that in caproic acid, isolated 
from fatty acids pooled from three different periods of the 
experiment, the carboxyl-carbon contained about 2.5 times 
as much isotope as carbon atoms 3 or 5, the activity of these 
two carbons being equal and very nearly identical with the 
specific activities of carbons 1 and 3 of butyric acid. The 
chemical degradation thus identified carbon atoms 3-6 of 
caproic acid with the carbon chain of butyric acid. The 
synthesis of caproic acid must therefore have occurred by the 
addition of an acetate unit to the carboxyl end of the butyric 
acid chain. The fact, that the specific activity of the “* acetic 
part ” of caproic acid (carbons 1 and 2) was 2.5 times greater 
than that of the “‘ butyric part ’ (carbons 3-6) at all times of 
the experiment, can be best explained on the assumption that 
only 40% of the butyric acid was synthesized from acetate, 
and 60% was derived from another non-isotopic C, com- 
pound. This compound might be butyric acid itself absorbed 
from the blood, or another C, compound which is converted 
in the udder into butyric acid. It seems probable that this 
substance is $-hydroxybutyric acid, which is known to be 
present in the blood of lactating ruminants in sufficiently 
large amounts and to be actively absorbed by the mammary 
gland (Shaw & Knodt, 1941). 

The degradation of octanoic acid (caprylic) obtained from 
the milk of the same goat (Table III) showed that this acid 
was also synthesized by the elongation of the caproic acid 
chain at the carboxyl end by the addition of an acetate unit. 
The method of chemical degradation used in these investiga- 
tions (Hunter & Popjak, 1951) involves the stepwise splitting 
off of two carbon atoms as acetic acid from the carboxyl end 
of the fatty acid, leaving an acid shorter by two carbon atoms 
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TABLE Ill. SPECIFIC ACTIVITY OF CARBON ATOMS 
OF CAPRYLIC (OCTANOIC) ACID ISOLATED FROM 
THE MILK OF A LACTATING GOAT AFTER INJEC- 
TION OF CH,"“COOH (Specific activities expressed 
as1 x 10-°uc. '*C/mg. C) 





Carbon atom 


number 8 7 6 5 |4 3 2 ||(COOH) 





Specific activity 0} 30.0]0| 300/0]596/0}] 926 





The mean determined specific activity of the caprylic acid carbons 
was 28.4 x 10-8 uc./mg. C;. the specific activity calculated from the 
individual carbon atoms was 26.5 x 10-* yuc./mg. C, which, con- 
sidering the several steps involved in the degradation procedure, is 
within the expected experimental error. 


than the original fatty acid. Thus, in the case of caprylic 
acid, the first stage of degradation resulted in acetic acid 
(carbons 1 and 2 of caprylic acid) and caproic acid (carbons 
3-8 of caprylic acid), and at the second stage acetic and 
butyric acids were obtained. In Table IV the radioactivities 
of the caproic and butyric acids, obtained by the degradation 
of caprylic acid, are compared with the radioactivity of the 
natural caproic and butyric acids isolated from the same pooled 
fat from which the caprylic acid was prepared. This com- 
parison clearly shows that the synthesis of caprylic acid 
occurred in two stages: (i) lengthening of butyric acid to 
caproic and (ii) lengthening of the caproic acid chain to 
caprylic by the addition of another C, unit. 

The relationship between the specific activities of the milk 
fatty acids and their chain-length (cf. Table I) can now be 
readily explained on the basis of the mode of their biosynthesis 
as revealed by the chemical degradations and on the assump- 
tion that the intracellular pools of the short-chain acids, up 
to and including decanoic, are very small (Popjak et al. 1951b). 
It is probable, however, that the pools of the acids from lauric 
(dodecanoic) acid upwards are increasingly larger in the 
udder, an assumption which would explain the differences in 
the *C-content of the acids during the early and later parts of 
the experiment. 

The results thus far discussed indicate that fatty acids in 
the mammary gland are synthesized by a process correspond- 
ing to a reversal of 8-oxidation of fatty acids. The question 
of real interest is: how far are these results applicable to the 
problem of fatty acid synthesis in mammalian tissues generally ? 
The interconversion of palmitic and stearic acids by the 
addition or removal of C, units was demonstrated by 
Schoenheimer & Rittenberg (1937) and by Stetten & 
Schoenheimer (1940) with deuterium-labelled fatty acids. 


TABLE IV. COMPARISON OF THE SPECIFIC ACTIVI- 
TIES OF CAPROIC AND BUTYRIC ACIDS OBTAINED 
FROM THE DEGRADATION OF CAPRYLIC ACID 
WITH THE SPECIFIC ACTIVITIES OF THE NATURAL 
CAPROIC AND BUTYRIC ACIDS (Specific activities 
expressed as 1 x 10° uc.'*C/mg. C) 





Degradation product 








Acid | Natural 


Caprylic ‘ ° 4 28.4 
Caproic ‘ : ; 21.15 ‘ 
Butyric ‘ 11.5 15.0 





Material from the experiment of Popjak, French & Folley, 1951a 


Zabin (1951) showed also, both in vitro and in vivo, that the 
lengthening of palmitic to stearic acid occurred by the 
addition of an acetate unit to the carboxyl end of the shorter 
acid. The elongation of deuterio-lauric (dodecanoic) and 
deuterio-myristic (tetradecanoic) acids to palmitic and 
stearic acids has been shown to occur also (Klem, 1943). 
Thus it is seen that the stepwise elongation of fatty acids by 
the addition of a C, unit is well established for the longer 
acids, which are constituents of body fats. The short-chain 
fatty acids, which were shown to be similarly synthesized by 
the stepwise elongation of a still shorter acid, and which 
might be expected to be intermediates in the synthesis of the 
longer acids, were thought not to occur in body fat. Recently, 
however, acetic and butyric acids have been found in small 
amounts in the steam distillate of glyceride fatty acids of 
rabbit liver (James & Popjak, unpublished observations). 
Thus the objections against the mechanism of fatty acid 
synthesis by a process equivalent to a reversal of B-oxidation 
have partly been removed. On the other hand, when Ritten- 
berg & Bloch (1945) fed labelled acetate to mice and rats, the 
carbon atoms of the long-chain fatty acids of the animals were 
uniformly derived from acetate. Brady & Gurin (1950) 
have found also that, during incubation of rat liver slices in 
vitro with labelled acetate, the carbon atoms of acetate were 
uniformly distributed along the fatty acid chains. Thus, in 
the experiments of these two groups of investigators, a step- 
wise building up of the fatty acid chains was not demonstrable. 
The present author is of the opinion that, in the experiment 
on the lactating goat likewise, the stepwise synthesis of fatty 
acids could not have been demonstrated if the hypothetical 
non-isotopic C, compqund, mentioned earlier, had not been 
involved as a carbon source of butyric acid. It might be 
mentioned, for example, that in the lactating rabbit, the blood 
of which does not contain significant amounts of 6-hydroxy- 
butyric acid, the milk fatty acids are evenly labelled after the 
administration of acetate labelled in either of the carbon 
atoms. Thus it seems probable that only fortuitous experi- 
mental circumstances allowed us to demonstrate in the 
lactating goat the mode of synthesis of fatty acids from 
acetate. 


3. Fat Synthesis from Carbohydrate 


The conversion of carbohydrate to fat was demonstrated 
by Lawes & Gilbert in 1866. There has been much speculation 
about the mechanism of this conversion. The hypothesis, 
which may be regarded as proved now, was stated as early 
as 1907 by Raper in the following words: 


The formation of fatty acids in animals, from carbohydrates, 
and the occurrence in natural fats, such as butter, of all the fatty 
acids containing an even number of carbon atoms, from two to 
twenty, suggest that these fatty acids are produced by the con- 
densation of some highly reactive substance containing two 
carbon atoms and formed in the decomposition of sugar. 


This sentence is an accurate summary of most of the experi- 
mental evidence obtained nearly fifty years after it was 
written. 

French & Popjak (1951) made a comparison between 
acetate and glucose as sources of carbon for fatty acid 
synthesis in lactating rabbits. The animals were given first 
[carboxy-*C]-acetate and were milked 6 hours afterwards; 
then, 3 or 4 days later, when most of the labelled milk fatty 
acids disappeared, the animals were given either [!*C]-glucose 
or [**C]-starch (prepared by photosynthesis) and were milked 
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TABLE V. SPECIFIC ACTIVITIES OF MILK CONSTITUENTS (COUNTS/MIN./C IN INFINITE THICKNESS) FROM 
RABBITS AFTER ADMINISTRATION OF [carboxy-'‘C]-ACETATE OR ['‘C]-CARBOHYDRATE (French & Popjak, 1951) 








Labelled substance Dose of ##C 


Rabbit 
No. administered (uc.) 


Lactose 


Glycerol 








Starch (12 mg.) 12 1,385 


{ Acetate (4.1 mg.) 50 539 
| Starch (37.3 mg.) 50 11,760 


{ Acetate (4.1 mg.) 50 161 
{ Glucose* (357 mg.) 50 5,560 


Steam-volatile fatty acids 





Non-volatile 


fatty acids Cholesterol 


Water- 
soluble 


Water- 
insoluble 


965 364 302 _- 
486 2,880 234 


13,332 2,855 372 


2,068 169 


3,883 1430 299 








* Milk collected during 12 hr., all others 6 hr. 


6 hours later. The results obtained after the administration 
of labelled glucose were remarkably similar to those obtained 
after the administration of the labelled acetate (Table V). It 
can be seen that both substrates were equally effective 
sources of carbon for fatty acid and cholesterol synthesis in 
the mammary gland and that the short-chain fatty acids had 
the highest specific activities. Since Bloch & Rittenberg 
(1944) have shown that only those substances which yield C, 
compounds in the body are utilized for cholesterol synthesis, 
French & Popjak (1951) suggested that glucose must also 
give rise to C, compounds indistinguishable from acetate. 
This idea was therefore tested. It is known that amines 
foreign to the animal organism, like p-aminobenzoic acid, 
sulphonamides and others, are excreted as the acetylated 
compound (Harrow & Mazur, 1932) and that acetate is an 
effective acetylating agent for these substances (Bernhard, 
1940). Bloch & Rittenberg (1945) made use of this pheno- 
menon to estimate the amount of acetic acid formed in the 
rat. Both normal and lactating rabbits were given either by 
injection or by stomach tube [ '*C]-glucose or [!*C]-acetate and 
sodium p-aminobenzoate by stomach tube. In Table VI it 


TABLE VI. SPECIFIC ACTIVITY OF THE CARBON OF 
‘“ ACETYL’’, LIVER FATTY ACIDS AND OF LIVER 
CHOLESTEROL AFTER THE ADMINISTRATION OF 
CH,'‘*CO,Na AND OF ['‘C]-GLUCOSE TO NORMAL 
RABBITS FOR 3 DAYS 


Specific activity 
(| x 10-3 ac. **C/mg.C) , 
Substance See eae, | LL 
administered | 100 r* 100 
**Acetyl"’ | Fatty acids | Cholesterol 
(1) ( (il) 





0.506 1.81 6.36 


CH,"CO.Na | 7.96 
0.167 1.90 5.88 


[4C]-glucose 2.84 


0.144 
0.054 


The total dose of each substance was divided into 6 equal parts 
which were given to the animals by stomach tube twice daily; the 
total '*C dose administered was 75 uc. with each substance. 


is shown that the normal rabbit excretes labelled “‘ acetyl ”’ 
after the administration of ['*C]-glucose, just as after ['*C]- 
acetate. Moreover the ratio of the specific activity of the 
fatty acids and of cholesterol in the liver to the specific 
activity of the “ acetyl ” excreted after ['*C]-glucose was very 
similar to that found after ['*C]-acetate. It may therefore be 
concluded that glucose is converted to fatty acids and 
cholesterol after being broken down to acetate. 
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It was of interest to determine what proportion of the body 
acetate is derived from glucose. This can be calculated if it 
is possible to compare, after the administration of ['C]- 
glucose and p-aminobenzoic acid, the specific activity of the 
excreted “* acetyl” with that of the glucose metabolized during 
the experiment. The lactating animal is a good experimental 
subject for this purpose because it secretes into the milk 
lactose which is derived from blood glucose. Since it has 
been shown that the specific activity of the glucose and 
galactose units of lactose is equal after the administration of 
[*C]-glucose (French, Popjak & Malpress, 1952), it seems 
probable that the specific activity of the secreted lactose 
represents the average specific activity of the glucose meta- 
bolized during the experimental period. In Table VII the results 
of two experiments are recorded, which show that the specific 
activity of the excreted “* acetyl” was about 20% of that of 
lactose. It may be concluded therefore that 20% of the 
acetate used in the acetylation was derived from glucose, 
provided the assumption, that the radioactivity of lactose 
represents the average radioactivity of glucose metabolized 
during the experiment, is substantially correct. The fact that 
the radioactivities of glycerol prepared from milk-fat and 
liver-fat were almost equal (see Table VII) lends support to 
the view that the above assumption is probably near the 
truth. 


TABLE Vil. SPECIFIC ACTIVITY OF THE CARBON OF 
““ACETYL,’’ MILK LACTOSE, AND OF GLYCEROL 
PREPARED FROM GLYCERIDES OF MILK AND 
LIVER OF TWO LACTATING RABBITS SIX HOURS 
AFTER ADMINISTRATION OF ['‘C]-GLUCOSE 


| 


Specific activity 
(| x 1078 gc. **C/mg.C) 


rime 
—- ont Glycerol 
Lactose 


(i) 


from milk- | from liver- 
fat fat 





31 1.273 6.25 4.78 4.57 
I. 


20.4 
00 0.63 21.1 





36 0.447 2.12 


In experiment No. 31, 653 mg. of glucose uniformly labelled and 
containing a total of 91 uc. of '*C were injected intravenously as a 
5% solution. Immediately before the injection of glucose 1 g. of 
p-aminobenzoic acid (as the sodium salt) was given by stomach tube. 

In experiment No. 36, 10 mg. of labelled glucose, containing 30 yc. 
of '*C and 1 g. of p-aminobenzoic acid (as the sodium salt) were 
given together by stomach tube. 








The most probable pathway of acetate formation from 
glucose in the animal is the breakdown of glucose to pyruvate 
by the glycolytic cycle and the subsequent decarboxylation of 
the latter. This idea can be tested with isotopically labelled 
substances. Glucose is broken down in the glycolytic cycle 
in such a way that carbon atoms 1 and 6 of glucose will 
become the methyl-carbon of pyruvate, and carbon atoms 
3 and 4 of glucose will become the carboxyl carbon of 
pyruvate. Therefore if [1-'“C]-glucose is given to an animal, 
the pyruvate resulting from the metabolism of this glucose 
will be labelled in the methyl-carbon; on decarboxylation, 
this pyruvate should yield acetate labelled in the methyl- 
carbon. An answer to the question whether these reactions 
occur or not can be obtained by comparing the position of 
the carbon-label in a fatty acid after the administration of 
4CH,.COOH, “CH,.CO.COOH and of [l-'C]-glucose to 
an animal. These experiments have been carried out on 
lactating rabbits not only because of the rapidity of fatty acid 
synthesis in the mammary gland, as mentioned earlier, but 
also because much larger quantities of fatty acids can be 
obtained from the milk and mammary gland than from the 
liver. All the experimental details need not be given here; 
it is sufficient to mention that, after administration of the 
three labelled compounds (see above), octanoic (caprylic) 
acid was isolated from milk and mammary gland fat and 
was degraded chemically (Popjak & Hunter, to be published 
in detail elsewhere). All three substrates, “CH,.COOH, 
4CH,.CO.COOH and [I-™“C)]-glucose, yielded fatty acids 
labelled in a similar way, that is, 95% of the **C of the fatty 
acid was found in the even-numbered carbon atoms uniformly 
distributed along the whole chain; the odd-numbered carbon 
atoms contained 5% of the label. It is beyond the scope of 
this article to discuss the reasons for the appearance of some 
4C in the odd-numbered carbon atoms of fatty acids when 
4CH,.CO.COOH and “CH,;.COOH are being metabolized 
by the animal. It might, however, be mentioned briefly that 
the metabolism of acetate and pyruvate via the citric acid 
cycle provides a satisfactory explanation for the above ob- 
servation. 
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BIOLOGICAL SYNTHESIS OF FAT. G. Popjak 


Hitherto investigations on the metabolism of fat have been 
restricted to the study of the biological synthesis and degrada- 
tion of fatty acids. Fats are, however, compounds of fatty 
acids with glycerol and somehow sufficient attention has not 
been paid to this fact. It seems probable that fatty acids are 
synthesized while attached to enzymes and that they are 
removed from the enzymes on esterification with glycerol. 
Thus the availability of glycerol might be a rate-limiting 
factor in the biological synthesis of fatty acids (French & 
Popjak, 1951). Folley & French (1950) suggested that the 
stimulating effect of carbohydrate on the synthesis of fat in 
vitro might be attributed to an increased supply of glycerol 
from glucose in such experiments. Recently Balmain & 
Folley (1951) have shown that the addition of glycerol to rat 
mammary slices metabolizing glucose plus acetate, or to sheep 
mammary slices metabolizing acetate, caused a rise in the 
respiratory quotient. Moreover Balmain, Folley & Glascock 
(personal communication) found that addition of glycerol 
to the incubation medium increased the incorporation of 
[carboxy-'C]-acetate into the fatty acids of sheep mammary 
gland slices metabolizing acetate in vitro. 

Referring to Tables V and VII, it is seen that, after the 
administration of ['*C]-glucose, the glycerol obtained from 
milk and mammary gland fat (and from liver fat) had the 
highest specific activity next to lactose, indicating the direct 
origin of glycerol from carbohydrate. When the relative 
contribution of acetate and glucose to fat synthesis is assessed, 
it is apparent that acetate is the direct precursor of the fatty 
acids; glucose, on the other hand, not only provides a very 
substantial part of the body’s acetate but is also the precursor 
of glycerol. If one considers further that the energy required 
for the biosynthesis of fatty acids is probably also provided 
by the metabolism of carbohydrate, the paramount impor- 
tance of carbohydrate in fat metabolism appears striking. 
There may, however, be species differences in this respect, 
notably in ruminants in which carbohydrate food is assimila- 
ted largely as acetic acid after fermentation of polysaccharides 
in the rumen. In these animals the energy necessary for fatty 
acid synthesis might be derived from the metabolism of 
acetate, as has been discussed elsewhere (Popjak, 1952). 
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CAIDAMNS 


The pioneer work of Hevesy, Schoenheimer, Rittenberg and 
their colleagues showed how radioactive and stable isotopes 
can be used for biological investigations, and as soon as these 
isotopes began to become more readily available, about 15 or 
16 years ago, biologists of all types hastened to make use of 
these valuable tools. It is a little surprising that immuno- 
chemists have generally been reluctant to take advantage of 
this new and in many respects unique technique, though it 
was early recognized that the use of isotopes for labelling 
purposes could confidently be expected to provide useful 
information in the field of immunochemistry (Wormall, 1939). 
It is only during the past six years that serious efforts have 
been made to use the isotopic tracer method for immuno- 
chemical studies, though it must not be forgotten that in 1942 
Heidelberger, Rittenberg, Schoenheimer and their colleagues 
made good use of the stable isotope 1°N for labelling anti- 
bodies. Other relevant early investigations involved the 
preparation, in 1940, of **S-labelled and deuterium-labelled 
mustard-gas and its sulphone for immunological and general 
biological investigations (Banks et al. 1946). 

This review is largely confined to immunochemistry, for it 
is, of course, in this section of the wider field of immunology 
that one can most reasonably expect fruitful results to follow 
the use of isotopic tracers. Immunochemists have long sought 
widely and diligently for labelled antigens with characteristic 
labels which could be detected and estimated in the presence 
of considerable amounts of closely related compounds. 

A few natural antigens of this type were available, for 
example, haemoglobin, haemocyanin and iodoproteins, and 
the amount of these antigens in specific precipitates and in 
certain tissues has been measured by determining the iron, 
copper and iodine content, respectively. These naturally- 
occurring tagged protein antigens were, however, few in 
number, and for many investigations of this type recourse had 
to be made to artificially-labelled antigens. These included 
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azoproteins (some containing arsenic) and iodinated proteins, 
but it should be remembered that antigens of this type differ 
very considerably, in their general immunological properties, 
from the natural antigens present in micro-organisms and 
other “* foreign ” agents which elicit antibody formation when 
introduced into the animal body. Until recent times, there- 
fore, the choice of antigen was very limited for investigations 
requiring one which could readily be distinguished from the 
serum and tissue proteins of the rabbit and other experi- 
mental animals. 

Now that radioactive and stable isotopes are available in 
steadily increasing amounts, and labelling methods suitable 
for biological investigations are becoming more widely known, 
it is fairly safe to assume that many more immunochemists 
will seek the aid of these isotopes. It should be emphasized, 
however, that the use of isotopic tracers has its limitations 
and dangers, no less in immunochemical investigations than 
in other biological studies. 


1. Some Advantages and Disadvantages of the Isotopic Tracer 
Technique as Applied to Immunology 


For most biological investigations, the isotopic tracer 
method has tnany advantages over the classical methods of 
biochemistry. By this technique the compound or organism 
under investigation is labelled with a readily detectable and 
determinable isotope which for all practical purposes behaves 
chemically exactly like the common or most abundant isotope 
of the element concerned. Furthermore, particularly when 
radioactive isotopes are used, the method can be made much 
more sensitive than the most refined ordinary chemical tech- 
nique. For example, the amount of specific precipitate 
required for a measurement of the nitrogen content by the 
most delicate micro-Kjeldahl method may be ten or even a 
hundred times that needed for the determination of the anti- 
gen (or antibody) present if this is labelled with a suitable radio- 
isotope. Because of this ultra-sensitivity, special attention 
should, of course, be paid in these investigations to the pos- 
sibility of non-specific adsorption or precipitation. 

Another point which should always be borne in mind in 
animal experiments is the possible damaging effect of the 
radiations produced by the radioisotopes used; for example, 
the effect on the antibody-forming tissues. Injection experi- 
ments with radioactive antigens and antibodies of high 
specific activity should normally be of relatively short dura- 
tion, except, of course, where the effect of irradiation of the 
tissues by the localized radioactive material is being studied. 

Investigators using isotopic tracers sometimes overlook the 
fact that this technique merely involves the detection and 
determination of the label, and that the radioactivity of the 
tissues of an animal which has been injected with a radio- 
active compound is not necessarily a true measure of the 
amount of the unchanged compound still present in that 
tissue. The label should, of course, be firmly attached to the 
tagged compound, and where there is any doubt on this point, 
i.e., if it is suspected that the label is being transferred from 
one compound to another, multiple tracers can be used. For 
this reason the reviewer and his colleagues have labelled anti- 
gens and antibodies with both '*"I and *°S, the two labels 
being attached, in different ways, to different parts of the 
protein molecule (Francis, Mulligan & Wormall, 195la, 
and paper in preparation; Francis, Mulligan, Wormall & 
Zerahn, in preparation). 








The choice of suitable isotopes for immunological investiga- 
tions is at present rather limited, but, in spite of this and the 
few other limitations mentioned above, the use of isotopic 
tracers should prove as helpful in immunochemistry as it has 
in other fields of biological investigation. 


2. Labelling Methods 


Antibodies are modified plasma globulins, and most anti- 
gens are proteins or complexes containing protein. Thus it is 
only natural that for immunological tracer experiments most 
attention has been paid to the labelling of proteins. Anti- 
bodies and most antigens are fairly labile, and any chemical 
method used to label these reagents for serological purposes 
should be as mild as possible, to minimize changes in the pro- 
tein molecule due to hydrolysis, oxidation and denaturation. 

Antigens and antibodies can be labelled with radioactive 
isotopes by either chemical or biological methods. The 
former involve treating the protein, preferably under physio- 
logical conditions of pH and temperature, with some radio- 
active reagent like iodine, phosphoryl chloride, mustard-gas 
sulphone or a diazonium compound ; the product is dialyzed 
and preferably then precipitated several times by sodium 
sulphate or some other neutral salt, to remove all the loosely- 
attached radioactive material. Similar methods can be used 
for the in vitro labelling of proteins with stable isotopes, but 
for various reasons most attention in this respect has been 
paid to “* radio-labels.” 

The biological methods of labelling antigens, antibodies 
and intact micro-organisms have so far been somewhat restric- 
ted, partly because suitable labels were not always available 
and partly because of low yields. These methods have, how- 
ever, One great advantage over even the most mild purely 
chemical method of isotopic labelling ; they provide truly 
biological products. Biological labelling can readily be effected 
by the aid of experimental animals, for example, the goat and 
hen, for the preparation of **P-labelled casein and lipovitellin, 
respectively, and by yeasts, bacteria and other organisms. A 
salt or other simple compound containing the isotope is added 
to the medium in which the organism is grown, or, in the case 
of experimental animals such as the rat and rabbit, it is injected 
or given by mouth, often as labelled acetate or amino-acid. 
For example, after the injection of inorganic phosphate into a 
hen, isotopic phospholipin and phosphoprotein appear in the 
egg yolks. Other biological methods which are available for 
the preparation of isotopically-labelled proteins have been 
reviewed elsewhere (Hevesy, 1948; Woodruff & Fowler, 
1950; Tabern, Taylor & Gleason, 1950, 1951; Borsook, 1950; 
Heidelberger, 1951). 

Now that *C is obtainable in the form of labelled acetate 
and amino-acids! it seems probable that more extensive use 
will be made of this isotope for biological labelling of antigens 
and antibodies. Biological labelling of these proteins with the 
stable isotopes '*N and deuterium might also be expected to 
become more popular. 


3. Isotopes Used 


The chief radioactive isotopes which have so far been used 
to label proteins for immunological studies are "I, 3?P and 
9S, and these labels have been attached to antigens and anti- 
bodies in various ways. 





* See Grove & Catch, p. 234 of this Bulletin. 
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a. Radioiodine (Usually. ***I1) 

The reviewer and his colleagues (see Boursnell et al. 1947; 
Francis et al. 1951a) have iodinated proteins in the presence 
of dilute ammonia; by this method, which is a modification 
of that of Blum & Strauss (1923), iodine is introduced into the 
3: 5-positions of the tyrosine residues (Wormall, 1930). A 
mixture of a solution containing 1*"I (as Nal) and an appro- 
priate solution of iodine in potassium iodide is added to a 
dilutely ammoniacal solution of the protein, and the protein 
becomes quickly iodinated at room temperature. At least 
0.65% and often 1% of iodine can be introduced into certain 
precipitating antibodies without serious loss of their precipita- 
ting power (Francis et al. 1951a, 1951b), and this method of 
iodination apparently effects little general destruction or 
chemical alteration in relatively labile proteins such as the 
serum y globulins. Protein antigens can similarly be labelled 
with !*1] without serious loss of their capacity to give a precipi- 
tate with their antibodies, though it must not be overlooked 
that when proteins are fairly fully iodinated they acquire a new 
immunological specificity. Thus heavy labelling with **1I 
should normally be avoided in tracer investigations. On the 
other hand, if too little iodine is introduced into the protein, 
there may be many molecules which contain no label, and this 
is undesirable, since there might be preferential precipitation, 
or localization in the tissues, of either unlabelled or heavily- 
labelled protein molecules. 

The extent to which iodination should be carried out 
depends largely on the type of experiment planned and the 
nature of the protein which is being labelled. For most tracer 
experiments the introduction of about 0.5-0.6 % of iodine into 
the protein is probably satisfactory. In the case of rabbit 
antibodies, of molecular weight of about 165,000, this corres- 
ponds to the introduction of about 8 atoms of iodine per 
molecule of protein, and iodination to this extent ensures that 
practically all the molecules will contain at least one label. 
Butement (1948), for example, has calculated that where an 
average of 7.7 atoms of iodine are introduced into the protein 
molecules it is probable that only 0.05 % of the molecules will 
be unlabelled; this calculation is, however, based on the 
assumption that single atoms of iodine enter the protein, 
whereas the main change is the formation of 3: 5-diiodo- 
tyrosine groups. 

Most other investigators using !*4I-labelled proteins have 
iodinated simply by treating the slightly alkaline protein 
solution, often mixed with a buffer solution of pH about 8-9, 
with a solution of iodine in potassium iodide containing a 
tracer amount of radioiodide. After a short interval, excess 
iodine can be reduced by adding sodium thiosulphate solu- 
tion, and diffusible iodides and other iodine-containing simple 
compounds are removed by dialysis. Antibodies labelled in 
this way have been studied by Pressman and his colleagues 
(for the references see below and also Pressman & Stern- 

berger, 1951) and by Butement (1948, 1949); Eisen & Keston 
(1949) have used serum albumin tagged with '*"I by direct 
iodination, or by coupling with radioactive p-iodophenyl- 
diazonium chloride, as antigen for determining the amount 
of antibody in serum albumin antisera. 

When a mixture of proteins is iodinated, the various pro- 
teins may take up iodine at different rates. For example, 
antibodies to ovalbumin iodinate only one-third as quickly as 
do the proteins of whole serum (Pressman & Sternberger, 
1950), and this difference may be of considerable significance 
in quantitative studies with 1*4I-labelled antisera, or in any 
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tracer experiment where some of the proteins present are not 
concerned in a particular reaction. However, if the separated 
+-globulin fraction of the serum is radioiodinated, the radio- 
iodine content of these proteins probably serves as a true 
measure of the amount of antibody present in a precipitate or 
tissue; it has been shown, for example, that the values for 
antibody obtained by this method agree with those calculated 
independently from the total nitrogen and antigen contents 
of antigen-antibody precipitates (Francis et al. 1951b). 
Masouredis, Melcher & Koblick (1951) have also found that 
the degree of iodination of non-specific protein in the y-globu- 
lin fraction of an antiserum is similar to that of the specific 
precipitable protein, and Cohen (1950) reported that horse 
antipneumococcus antibody iodinates at the same rate as does 
the rest of the globulin fraction. 

Because of the ease with which almost any protein can be 
artificially iodinated, little attention has so far been paid by 
immunochemists to biological methods of labelling with 3*'I. 
It is possible, however, that tagged thyroglobulin produced 
in this way may be of value in serological studies. 


b. *§ 

Much interest is now being directed to this isotope as a 
suitable label for proteins, but methods of attaching it to the 
protein molecule are rather limited. The use of *5S-labelled 
mustard-gas, and more particularly the corresponding sul- 
phone (O,S(CH,.CH,Cl).), by the reviewer and his colleagues 
has been mentioned above (see also the review by Francis et 
al. 1951a). The sulphone readily reacts with most proteins at 
pH 7.5-8.0 and room temperature, the reaction being pri- 
marily with the free amino-groups of the protein, to produce 
‘“* sulphone-proteins ” in which the mustard-gas sulphone 
residue is firmly linked to the protein. Some precipitating 
antibodies can be “‘ trace-labelled ” in this way with no loss of 
their precipitating power; in fact, if an average of three or 
more “ sulphone-groups ” are introduced into each protein 
molecule, there may be an increase in the precipitability of the 
antibody (Francis, Mulligan & Wormall, in preparation). 

These *5S-labelled ‘‘ sulphone-proteins”’ are useful for 
many investigations in vitro and in vivo, and they are not 
particularly toxic when injected into an animal; however, like 
most other conjugated or chemically-treated proteins, they are 
** foreign ’’ to the animal body, and their injection may lead 
to the production of specific antibodies. The same disad- 
vantage applies to the use of *5S-labelled azoproteins pre- 
pared by coupling diazotized p-aminobenzene sulphonic acid 
with antibodies (Pressman, Eisen, Siegel, Fitzgerald, Sherman 
& Silverstein, 1950). Biological labelling with *5S should pro- 
vide useful tagged antigens and antibodies which are not 
immunologically foreign to the animal effecting the synthesis, 
but this method will require large amounts of *°S-labelled 
amino-acids, and the products obtained may have a relatively 
low specific activity. 


c. Pp 

Proteins can be phosphorylated by treatment with phos- 
phoryl chloride, but this treatment also effects considerable 
changes in the immunological and chemical properties of 
proteins such as the serum proteins and ovalbumin, and 
furthermore, part of the attached phosphate is fairly readily 
split off (Heidelberger, Davis & Treffers, 1941; Mayer & 
Heidelberger, 1946; Boursnell, Dewey & Wormall, 1948). 
Trace-labelling of proteins with **P-containing phosphoryl 
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chloride of high specific activity is, however, useful for some 
in vitro experiments, particularly where a labelled antigen is 
required which can suitably be used in conjunction with 1*1I- 
labelled antibodies. 

Biological labelling of proteins with **P is limited, since 
few proteins contain phosphorus; it is useful, however, in 
the case of casein, lipovitellin and nucleoproteins, and these 
can be labelled with the aid, respectively, of the cow (or 
goat), the hen and the rabbit (or certain bacteria and viruses). 


d. Stable Isotopes 


As yet, little immunological use has been made of these iso- 
topes, apart from the above-mentioned biological labelling of 
antibodies with 15N (Schoenheimer et al. 1941; Schoenheimer 
et al. 1942a, 1942b; Heidelberger et al. 1942). In these early 
experiments isotopic glycine was fed to immunized rabbits, 
and evidence was obtained that antibodies, like other body 
proteins, participate in metabolic reactions involving the 
uptake of dietary amino-acids. From the rate of disappearance 
of 15N from the circulating antibodies it was calculated that 
these antibody molecules have an average half-life of about 
two weeks. Passively-transferred antibody disappeared more 
rapidly and took up little or no 45N. Kooyman & Campbell 
(1948) obtained similar results in experiments with 1C- 
labelled leucine, but concluded that some exchange probably 
occurs between dietary amino-acids and passively-transferred 
antibodies. Up to the present, therefore, these experiments with 
isotopically-labelled amino-acids have not yet provided an 
answer to the question as to whether fresh antibody is formed 
in a passively-immunized animal. Furthermore, even if it is 
found that appreciable amounts of some labelled amino-acids 
can be incorporated into the antibody in experiments of this 
type, this does not necessarily prove that new antibody 
molecules are being truly synthesized, for there have been 
recent suggestions that certain proteolytic enzymes can effect 
trans-peptidation, i.e. that amino-acids or peptides may be 
incorporated into proteins by an enzyme-mediated exchange. 
Very recently one of the nitrogen mustards 


(CH,N(CH;.CH,Cl),) 


labelled with 15N has been used for serological and general 
biochemical investigations, and ovalbumin and serum pro- 
teins treated with this tagged vesicant have been used in 
precipitin reactions (Burnop et al. 1951). In view, however, 
of the possible lability of some of the linkages between the 
protein and the nitrogen mustard residues, the value of these 
labelled ‘* nitrogen mustard-proteins ”’ for experiments in vivo 
cannot yet be assessed, but they may be useful for studies on 
hypersensitivity to vesicants of the “‘ mustard ”’ type. 

Many proteins have been biologically labelled with stable 
isotopes such as 45N and deuterium, and have been used in 
various biological studies. Some of these compounds should 
prove useful in immunology, particularly when mass spectro- 
meters become more widely available. 


e. Discussion 


The choice of isotopic tracer for immunological experiments 
depends largely on the nature of the experiment and its dura- 
tion, but it may be profitable to discuss briefly the relative 
advantages of some of the isotopes which are available. 

For short-term experiments in vivo, or for most “‘ test-tube ”’ 
experiments, 1**I has several advantages over other isotopes 
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for the labelling of antigens and antibodies; the isotope can 
readily be introduced into the protein in tracer amounts (to 
limit changes in the chemical and immunological properties 
of the protein) and furthermore iodoproteins are not un- 
physiological. There are, however, several drawbacks to the 
use of this isotope in immunology. After the injection of 1*4I- 
labelled proteins there is a fairly rapid localization of the 
isotope in the thyroid gland, and also the isotope soon appears 
in the urine, often as early as 30 minutes after the injection. 
The animal body can effect the synthesis and degradation of at 
least one iodoprotein (thyroglobulin),? and Laws (1951) has 
shown that, following the injection of !*1I-labelled proteins 
into rabbits, there is urinary excretion of iodine as iodide, 
3:5-diiodotyrosine and iodine-containing peptides. Knox & 
Endicott (1950) similarly noted the urinary excretion of "I 
following the injection of !*"I-labelled bovine serum albumin, 
though they concluded that for the first seven days after the 
injection the '**I content of the serum gives a fairly satis- 
factory measure of the amount of injected antigen present in 
the blood. 

Proteins labelled with *°S with the aid of mustard-gas 
sulphone can be very useful for many immunological studies. 
The label is firmly attached to the protein and it is probably 
not detached until the protein has undergone considerable 
hydrolysis. For this reason, and because of its longer half- 
life (87 days compared with 8 days for **"I) and the greater 
resolution it renders possible in autoradiographic examination 
of animal tissues, *°S has several advantages over **"I as a 
label for antigens and antibodies used in experiments in vivo. 
Proteins labelled with both these radioisotopes can be par- 
ticularly useful, and valuable information might also be ob- 
tained by the use of a mixture of two different antigens (or 
antibodies), one labelled with *5S and the other with 1*"I. 

Labelling with **P is rather limited, as far as serology is 
concerned, but biological labelling with *C and 4*N should 
prove much more profitable in the future. 


4. Antigen-Antibody Reactions 


For the quantitative study of the mechanism of the reaction 
between antigens and antibodies, it is necessary to be able to 
determine the amounts of each reactant in specific precipitates. 
The method of analysis of these precipitates is determined 
largely by the nature of the antigen, and when the antigen 
contains no special group or element (e.g. dyestuff, iron, 
copper or iodine) the analysis depends practically entirely on 
nitrogen determinations. A considerable amount of valuable 
quantitative information about antigen-antibody reactions 
has been obtained, in particular by Heidelberger and his col- 
leagues (see, for example, reviews by Heidelberger, 1939, 
1946; Landsteiner, 1945; Kabat & Mayer, 1948), from total 
nitrogen determinations, but it is obviously an advantage in 
this type of work if both reactants can be determined in- 
dependently. 

Isotopic labelling offers splendid opportunities in this 
branch of serology, for antigens and antibodies can both be 
labelled with radioactive or stable isotopes. Measurements of 
the amounts of these isotopes in the precipitated antigen- 
antibody complexes, supplemented, if required, by total nitro- 
gen determinations, readily enable a calculation to be made 
of the antigen-antibody ratios of these precipitates. Suitable 
combinations of radioisotopes for this type of investigation 





* See Gross & Pitt-Rivers, p. 136 of this Bulletin. 
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are **P or *5S for the antigen and 1*"I for the antibody, since 
these isotopes can easily be determined in the same precipitate. 
The labelling should preferably be trace-labelling, i.e., an 
average of only a few labels per protein molecule, but suf- 
ficient should be introduced to ensure that very few molecules 
are unlabelled. 

A full analysis of isotopically-labelled lipovitellin-antilipo- 
Vitellin precipitates has shown (Banks ef al. 195la) that they 
have a ratio of lipid phosphorus to protein phosphorus which 
is two or three times that of the lipovitellin used as antigen. 
This supports the view (Francis & Wormall, 1948, 1950) that 
antilipovitellin sera contain antibodies capable of precipitating 
phospholipins. 

The specific inhibitory action of 3: 5-diiodotyrosine (DIT) 
on the reaction between iodinated proteins and their anti- 
bodies has been studied quantitatively with the aid of !*I 
and deuterium (Banks, Francis, Mulligan & Wormall, 1950, 
1951b). Precipitates obtained from mixtures containing anti- 
gen, antibody, and amounts of DIT sufficient to give only 
partial inhibition of precipitin formation, contained no signifi- 
cant amount of the inhibitor; it is suggested that these results 
support the view that the antibodies studied are “* univalent, ” 
i.e., that each molecule contains only one group or site 
capable of combining specifically with the appropriate antigen. 
In these experiments heavy water proved to be a useful 
** indicator ” for the measurement of the amount of super- 
natant solution adhering to unwashed serological precipitates. 

Butement (1949) has estimated the amount of O-agglutinin 
(labelled with 1*1I) required just to precipitate a known number 
of bacteria, and has found that this corresponds roughly to 
that required to form a.unimolecular layer of globulin on the 
bacteria. 


5. The Fate of Injected Antigens 


Many immunologists have studied the fate of injected anti- 
gens in order to find out which tissues are responsible for 
removing any foreign proteins and other antigens which 
may enter the blood-stream. There was also the hope that 
useful information might be obtained about the sites of anti- 
body formation, since it seems highly probable that anti- 
bodies are mainly formed in the tissues where the antigens are 
localized. In earlier experiments antigens containing some 
readily determinable element such as arsenic or copper, or 
containing coloured or fluorescent components, were used. 
Now the favourite reagents for investigations of this type are 
antigens labelled with radioisotopes, and the tissues of the 
injected animal are examined for radioactivity by standard 
methods. In some cases autoradiographic methods can also 
be used to help to locate the precise structures which contain 
the injected isotope (for accounts of this technique, see 
Rotblat, 1950; Gross et al. 1951; Pelc & Howard, 1952). 

It has been found that protein antigens containing *2P 
(biologically-labelled lipovitellin and vitellin, and artificially 
phosphorylated serum proteins) disappear very quickly from 
the blood-stream after their intravenous injection into rabbits 
(Banks et al. 1948). The lungs and liver rapidly take up intra- 
venously injected lipovitellin (Banks, Francis, Franklin & 
Wormall, 1950) and although localization in the lungs may 
be due in part to a mechanical filtering action of the lung 
capillaries, it seems probable that the lungs as well as the liver 
are amongst the organs fundamentally involved in the process 
of antibody formation. In this connexion it’is of interest to 
remember that Haurowitz (1949) expressed the view that all 
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cells in which proteins are formed can produce antibodies, 
provided that they are able to bind the molecules of the in- 
jected antigen. 

Many investigators have studied the fate of injected pro- 
teins labelled with 1°41. Warren & Dixon (1948) found that 
when radioiodinated bovine globulin was injected into 
guinea-pigs which had been sensitized to this protein, the iso- 
tope was localized in the liver and lung during anaphylactic 
shock. The lung radioactivity occurred in the oedematous 
connective tissue wall of the bronchi and not in the neighbour- 
ing muscle. Similar results were obtained with ovalbumin 
labelled with 1°41 (Dixon & Warren, 1950). Crampton & 
Haurowitz (1950) gave intravenous injections of radio- 
iodinated ovalbumin or bovine serum globulin to rabbits and 
studied the deposition of antigen in the liver; since 32-70% 
of the total radioactivity of that organ was located in the 
mitochondrial fraction, it is suggested that the mitochondria 
are involved in the formation of antibody. 

Radioiodinated serum proteins have the same biological 
half-lives when injected intravenously into rabbits as have the 
corresponding native proteins, but azoproteins have a much 
shorter half-life than has serum albumin, the protein from 
which they were prepared (Gitlin et a/. 1951). These and many 
similar observations emphasize the marked differences one 
might expect to find between the responses of the vascular 
system to injected native proteins on the one hand and azo- 
proteins and other complex conjugated proteins on the other. 

Immunological studies with '*1I-labelled proteins have also 
been carried out by Knox & Endicott (1950), Latta (1951) and 
Dixon, Bukantz & Dammin (1951). In an interesting applica- 
tion of this tracer technique, Wright, Morgan & Wright (1951) 
have used radioiodinated serum proteins as an indicator to 
trace the movements of toxin after its injection into the sciatic 
nerve trunk. A mixture of tetanus toxin and radioiodinated 
rabbit serum proteins (of about the believed molecular size 
of the toxin) was injected into the nerve trunk in the mid- 
femoral region, and radioactivity was detected in samples 
taken from all parts of the cerebrospinal axis 16-24 hr. later. 


6. Localization of Injected Antibodies 


The localization of antibodies after their injection into the 
rat and the mouse has been extensively studied by Pressman 
and his colleagues, largely with the aid of 1*4J. An anti-rat- 
kidney serum, or the globulin fraction of this serum, was 
iodinated with labelled iodine, and injected intravenously 
into rats, and similar experiments have been made with mice. 
131T determinations showed that the labelled antibodies were 
largely localized in the kidney, whereas similarly labelled 
antiovalbumin or normal serum proteins showed no such 
localization (Pressman & Keighley, 1948; Pressman, 1949). 
The injected antibodies to kidney tissue are very rapidly ab- 
sorbed by the kidney, and autoradiographs have shown that 
the localized antibodies accumulate mainly in the glomeruli 
(Pressman, Eisen & Fitzgerald, 1950; Pressman, Hill & Foote, 
1949). These investigations with labelled antibodies have 
given support to the hypothesis that the nephritis produced 
by the injection of the anti-kidney serum is associated with the 
specific interaction of an anti-kidney antibody with an antigen 
in kidney tissue (Eisen & Pressman, 1950). In an interesting 
extension of this work, radioiodinated antibodies localized 
in the kidney have been eluted with NaOH at pH about 10.5, 
and in this way partial purification in vivo of the kidney- 
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localized antibodies has been effected (Pressman & Sherman, 
195la). ‘* Purified ” antibodies recovered from the kidneys, 
liver and lungs of rats injected with radioiodinated antisera 
to rat kidney (or rat lung) when injected into other rats showed 
some preference for localization in the vascular bed of the 
organ of initial localization (Pressman & Sherman, 1951b). 
These observations are of special interest in relation to the 
theory that glomerulonephritis and certain other perivascular 
diseases are caused by a process of autoimmunization. 

In other studies, with anti-rat-lung antibodies labelled 
with 1°], it has been found that radioactivity is specifically 
localized in the lungs of the injected rats, and also in the 
kidneys (Eisen, Sherman & Pressman, 1950). The lung and 
kidney of the rat apparently contain identical or very closely 
related antigenic substances, and the lung contains a further 
antigen not present in kidney tissue. 

Essentially similar results have been obtained by the use of 
a different tracer element, *°S (Pressman, Eisen, Siegel, 
Fitzgerald, Sherman & Silverstein, 1950). The antibody 
(globulin) fraction of an antiserum to mouse kidney was 
coupled with diazotized aminobenzene sulphonic acid con- 
taining *®°S. When these labelled antibodies were injected into 
mice, much of the radioactivity became localized in the kid- 
neys, and autoradiographs showed that this accumulation was 
almost entirely in the glomerular tufts. There was, however, 
greater non-specific accumulation of other injected sulphur- 
labelled proteins in the liver and kidney, than had previously 
been obtained with radioiodinated proteins. 


7. Labelled Bacteria and Viruses 


As mentioned earlier in this review, micro-organisms can 
readily be labelled with radioactive or stable isotopes if the 
isotope is added, as a salt, amino-acid or some other utilizable 
compound, to the medium in which the organism is cultured. 
Various types of bacteria labelled in this way with **P have 
been injected into rats, and it has been found that the liver and 
intestine contained high concentrations of the isotope 
30 minutes later (Ely, 1941, 1942). Hevesey and his colleagues 
labelled tubercle bacilli with the same isotope and injected 
them into guinea-pigs; 4 hours later the fresh lymph-gland 
tissue contained, per gram of tissue, twenty times as much 
32P as did lung tissue (Hevesy, Jensen & Zerahn, 1948). 

Tobacco mosaic virus labelled with *?P has been injected 
into mice to study the distribution and break-down of the 
virus in the tissues (Libby, 1947; Libby & Madison, 1947). 
Radioactivity was high in the liver (63 % of the injected dose) 
24 hours after the injection, but 95% of this had disappeared 
by the 14th day. *?P has also been used by Goldberg & Leif 
(1950) in studies on the retention and initial distribution of 
air-borne bacteria in the mouse. The mice were exposed for 
20 minutes to aerosols containing Pasteurella pestis labelled 
with **P, and it was found that the respiratory tree contained 
about 30% and the gastrointestinal tract about 70% of the 
retained radioactive material. 

131 has also been used in similar investigations involving 
the injection of tagged bacteria and fungi into animals 
(Pearson et al. 1948, 1949; Hammer et al. 1950). The 
reticulo-endothelial system and the thyroid showed a high 1°" 
content after the injection of non-pathogens, but there was 
considerable retention of the isotope in lesions following the 
injection of various tagged pathogens, including tubercle 
bacilli. 








8. Summary 


In an earlier review in British Medical Bulletin (Wormall, 
1948) the view was expressed that “‘ just as the isotopic-tracer 
method has solved some of the most complex problems of 
biochemistry, so it should help to explain some of the mysteries 
of immunity.” It is, as yet, too early to assess the value of the 
use of this relatively new technique for the study of immuno- 
logy, for so far only the early reconnaissance has been possible. 
A full-scale attack with all the modern weapons now available 
to immunochemists might well be imminent, and there is every 
reason to hope that these efforts will not all be in vain. 

Satisfactory methods have now been developed for labelling 
antigens and antibodies with such isotopes as 1°"I, *5S, 45N 
and “C without seriously altering their immunological 
characteristics. With the aid of these tagged compounds much 
useful information has already been obtained about the distri- 
bution of protein antigens after their introduction into the 
animal body. Further study may contribute to our knowledge 
about the site of antibody formation. 

Quantitative studies on the specificity of antigens and anti- 
bodies, and on the mechanism of the antigen-antibody reac- 
tion, can be greatly facilitated by using isotopic tracers, and 
this method is particularly valuable in the zone of antigen 
excess. Tests can also be made to determine the relative 
amounts of two or more different antigens which are precipi- 
tated from a mixture of them by a given antiserum, and two or 
more labels can be attached to any one protein antigen or anti- 
body. In this way more information should be obtained about 
the number of combining groups present in each antibody 
molecule. The measurement of the amount of antibody in 
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an antiserum can also be simplified in many cases if an antigen 
labelled with a radioisotope is used, and tagged antibodies are 
proving useful in the study of organ specificity. 

The role of lipids in serological reactions and in antibody 
formation in the animal is still a matter of discussion, but it 
is possible that the use of biologically-labelled phospholipins, 
steroids and fatty acids may prove profitable. Immuno- 
chemists might also find polysaccharides labelled with ™C, 
nucleic acid derivatives labelled with **P or 1°N, and tagged 
blood-group agglutinins and agglutinogens helpful in many 
of their investigations. 


Labelled antigens can be used in the study of many types 
of allergy. The pioneer work of Landsteiner showed that 
hypersensitivity to some simple compounds can be attributed 
to the reaction of the reagent with tissue proteins to form a 
foreign complex which incites antibody formation (cf. 
Landsteiner, 1945). Some types of drug allergy are probably 
explicable in this way, and tagged drugs and other chemicals 
should help in the investigation of drug allergy, contact derma- 
titis and other allergic phenomena, including asthma. 

Many immunochemists who have adopted the isotope 
technique have undoubtedly done so in the hope of discovering 
a satisfactory method for effecting the specific irradiation of 
certain tissues of the body. When antigens and antibodies are 
introduced into the body they become fairly widely distri- 
buted. If this localization can be made more specific, and if the 
antigen or antibody used is labelled with a suitable radioactive 
isotope, the possible use of these tagged reagents to effect 
local irradiation of pathological tissues can be envisaged. As 
yet, however, this is but a hope and a dream. 
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1. The Chemistry of the Porphyrins 


There is good reason to believe (Neuberger, Muir & Gray, 
1950) that all the naturally-occurring porphyrins are derived 
from uroporphyrins in which four acetic acid groups and four 
propionic acid groups are attached to the 8 positions of the 
four pyrrole groups of the tetrapyrrolic porphin structure 
(fig. 1). It is possible to arrange four such acetic acid and four 
such propionic acid groups around the porphin ring in only 
four ways, so that four possible uroporphyrins can theoreti- 
cally exist. All the porphyrins found in nature may be 
regarded as derived either from uroporphyrin I, in which the 
acetic acid and propionic acid groups alternate round the 
ring, or from uroporphyrin III, which has a similar arrange- 
ment of side-chains to that of uroporphyrin I except that the 
acetic acid and propionic acid groups attached to ring IV have 
been interchanged. The acetic acid side-chains of the uro- 
porphyrins are readily decarboxylated in vitro and probably 


in vivo to give methyl groups, and the resulting porphyrins 
are the coproporphyrins of which Types I and III correspond 
to uroporphyrins I and III. In nature, almost all copro- 
porphyrin III is oxidatively decarboxylated, so that two of 
the propionic acid groups are converted to vinyl groups. The 
resulting compound is the protoporphyrin IX of Fischer, of 
which fifteen isomers are possible although only one—proto- 
porphyrin IX itself—is found in nature. It is the iron complex 
of protoporphyrin IX which forms haem, the prosthetic group 
of haemoglobin and myoglobin and of the respiratory enzymes 
such as cytochrome c, catalase and peroxidase. 


2. Porphyria 


The porphyrias are diseases in which there is a primary 
disturbance of porphyrin metabolism ; they need to be 
distinguished from the porphyrinurias, in which an increased 
excretion of naturally-occurring porphyrins is secondary to 
other diseases. The excretion of porphyrins that occurs in 
haemolytic anaemia, pernicious anaemia, lead-poisoning, 
liver disease and poliomyelitis is thus regarded as por- 
phyrinuria. It has been customary to classify porphyria into 
acute, congenital and chronic forms but, since all are essentially 
chronic diseases, Watson (1951) has proposed that the three 
types should be described as acute intermittent, light-sensitive 
and mixed porphyria. 

Acute (intermittent) porphyria is characterized by attacks 
of severe abdominal pain and constipation, together with 
lesions of the nervous system which result in an abnormal 
mental state, often a peripheral neuritis and sometimes an 
ascending paralysis. For many years, it was believed that 
the porphyrins excreted in this condition were copropor- 
phyrin III and uroporphyrin III, the latter especially being 
excreted often in large quantities, either as a metal complex or 
as porphobilinogen, a colourless precursor detected by its 
reaction with p-dimethylaminobenzaldehyde. It isnow known 
that the mixture of porphyrins and precursors is much more 
complex (Mertens, 1937 ; Watson, Schwartz & Hawkinson, 
1945; McSwiney, Nicholas & Prunty, 1950; Gibson & 
Harrison, 1950; Lowry et al. 1950). 
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FIG. 1. THE CHEMICAL STRUCTURE OF THE 
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Protoporphyrin 1X 


Almost all isotope work has been carried out on cases of 
congenital porphyria, which is completely different from acute 
intermittent porphyria in that there are no abdominal or 
nervous system lesions, but a severe photosensitivity is present 
from birth and leads to severe deformities and scars. In 
the course of years, porphyrin is deposited in large quantities 
in the bones, teeth and skin. Coproporphyrin I and uropor- 
phyrin I are excreted in large quantities in the faeces and urine, 
the uroporphyrin sometimes as a colourless reduction product 
—porphyrinogen—readily re-oxidized to uroporphyrin I. 

Chronic (mixed) porphyria presents in mild form some of 
the features of both of the other forms of porphyria; it is 
sometimes associated with jaundice. 
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3. Isotope Studies in Congenital Porphyria 


In 1948 three independent groups of workers appreciated 
the possibility of investigating the porphyrias with the use of 
glycine labelled with the isotope #*N. Watson and his col- 
leagues in Minneapolis (Grinstein et al. 1951), Rittenberg’s 
group in New York (London et al. 1950) and Neuberger, 
Muir and Gray in London (Gray & Neuberger, 1950; Gray, 
Neuberger’& Sneath, 1950; Gray, Muir & Neuberger, 1950) 
carried out independent investigations and obtained very 
similar results. 

Shemin & Rittenberg (1946) had previously shown that 
when glycine labelled with 15N was fed to a human subject 
the haemin isolated from the erythrocytes contained 1°N. 
When the concentration of 1°N in the haemin was plotted 
against time, a characteristic curve was obtained very different 
from that which would be expected if the haemoglobin of the 
red cells was continuously synthesized and degraded. The 
shape of the curve (fig. 2) shows that there is synthesis and 
incorporation of haemoglobin into the red cells during their 
formation in the bone-marrow and that these red cells have a 
definite life-span. Soon after the feeding with isotopic glycine 
there is a sharp increase in the isotope concentration in the 
haemin, which is accounted for by the passage of labelled red 
cells into the circulation. These labelled red cells replace cells 
which are being destroyed and which were unlabelled, as they 
were formed before the administration of glycine. After 
feeding of glycine the *N content of the body glycine pro- 
bably decreases in an exponential manner and when it reaches 
insignificant levels the newly formed red cells are no longer 
labelled, but will replace unlabelled cells formed before the 
labelled glycine was fed. The curve is then practically hori- 
zontal. Finally the labelled cells reach the end of their life- 
span and will begin to be destroyed. Since they will now be 
replaced by newly formed unlabelled cells the #*N haemin 
curve declines. Degradation of the labelled haemin in experi- 
ments of this type, as well as in similar ones using ™4C in 
glycine and acetate, have given much insight into the mode of 
biosynthesis of haemin. 

When [!°N]-glycine is fed, the newly formed labelled 
haemoglobin is extensively diluted with preformed unlabelled 


FIG. 2. CONCENTRATION OF "“N IN HAEMIN 
SAMPLES OF A NORMAL SUBJECT WHO HAD 
BEEN GIVEN ['°N]-GLYCINE 
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FIG. 3. CONCENTRATION OF ™N IN FAECAL CO- 
PROPORPHYRIN AND URINARY UROPORPHYRIN 
OF A PATIENT WITH CONGENITAL PORPHYRIA 
WHO HAD BEEN GIVEN [*°N]-GLYCINE 
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Labelled glycine (12 g.), containing 31.65 atom-% excess 1°N, was 
given during days 1-4 


haemoglobin and the **N content of the newly formed haem 
can therefore be calculated only indirectly by mathematical 
analysis. If glycine should be the precursor of the nitrogen 
atoms of coproporphyrin I and uroporphyrin I as well as of 
the nitrogen atoms of the haem of circulating haemoglobin, 
then the porphyrin excreted by a patient with congenital 
porphyria should become labelled after [*5N]-glycine is fed. 
The dilution with previously formed unlabelled material 
would not be expected then because the porphyrins are pre- 
sumably excreted fairly soon after they are formed. The 
effect of [!5N]-glycine has therefore been studied in con- 
genital porphyria. At suitable intervals of time after feeding 
[?5N]-glycine to a patient with congenital porphyria, the *N 
content of the urinary and faecal porphyrins, of the haem of 
the circulating haemoglobin, and of the faecal stercobilin, 
were determined. 


Incorporation of 1®N into Urinary Uroporphyrin and Faecal 
Coproporphyrin 

Labelling of the faecal coproporphyrin rose rapidly to a 
maximum on the day after feeding of glycine had ended. The 
labelling of the urinary uroporphyrin rose even more quickly 
to its maximum, possibly because the kidney provided a more 
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rapid mechanism of excretion than the gut (fig. 3). The 
labelled glycine was thus incorporated into the porphyrins by 
an extremely rapid mechanism. The lower labelling of the 
uroporphyrin suggested that there was some dilution of this 
porphyrin with preformed unlabelled material. This is in 
keeping with the storage of uroporphyrin in the bones and 
teeth that is known to occur in the disease. The ™°N of 
the urinary coproporphyrin, which required to be isolated in 
four-day batches, reached its maximum in the first four days 
in contrast to the average concentration of 15N in the faecal 
coproporphyrin (Table I). Again there must have been more 
rapid elimination via the kidney. 


TABLE I. CONCENTRATION OF '°N IN URINARY AND 
FAECAL PORPHYRINS 





15N) atom-% excess in 


Days of 


experiment Urinary 


uroporphyrin 


Urinary Faecal 
coproporphyrin coproporphyrin 


1-4 2.23 1.07 1.165 


5-8 1.1 2.24 1.46 
9-12 0.499 0.78 0.85 





Incorporation of 1°N into the Stercobilin 


When the }5N in the faecal stercobilin was plotted against 
time, two peaks were observed in the resulting curve: the first, 
a very prominent peak, had its maximum immediately after 
the labelled glycine was fed, and the second, a very low peak 
indeed, had its maximum at about the 120th day (fig. 4). 
Small but significant labelling was present between these two 
peaks. The curve differs from that observed in normal man, 
in which the first peak is much smaller and the second peak is 
much the more prominent (fig. 5). The bile pigment resulting 
from the break-down of red cells at the end of their normal 
life-span must therefore amount to about 80-85% and 
15-20% of the total bile pigment in normal man and in the 


FIG. 4. CONCENTRATION OF !°N IN STERCOBILIN 
HYDROCHLORIDE OF A PATIENT WITH CON- 
GENITAL PORPHYRIA WHO HAD BEEN GIVEN 
['°N]-GLYCINE 
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FIG.5. CONCENTRATION OF **N IN STERCOBILIN 
HYDROCHLORIDE OF A NORMAL SUBJECT WHO 
HAD BEEN GIVEN [*°N]-GLYCINE 
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Labelled glycine (12 g.), containing 31.65 atom-% excess 1°N, was 
given during days 1-4 


patients with congenital porphyria respectively. Whereas in 
the normal human about 15-20% of the bile pigment is 
formed from glycine by a very rapid mechanism, in the 
patients with congenital porphyria about 80-85% of the bile 
pigment is derived from this source. Infra-red spectrophoto- 
metry and elemental analysis have shown that the stercobilin 
excreted in congenital porphyria was normal stercobilin and 
not the bile pigment with the side-chains of uroporphyrin or 
coproporphyrin, or with an arrangement of its side-chains 
corresponding to a protoporphyrin derived from a Type I 
porphyrin. It is therefore unlikely that the stercobilin 
rapidly labelled after feeding of isotopic glycine is formed by 
direct synthesis from simple precursors. It may be formed from 
haemoglobin of developing red cells of such immaturity that 
they are catabolizing as well as synthesizing haemoglobin. 
Alternatively there may be a disproportion between the 
amounts of haem and globin synthesized, the excess of haem 
being broken down to bile pigment. The small but significant 
labelling occurring between the two peaks is regarded both in 
the normal and in the congenital porphyric as being due 
largely to the degradation of non-haemoglobin haems. 


Incorporation of **N into the Haem of Circulating Red Cells 


On the first occasion the British workers performed the 
experiment, the curve shown in fig. 6 was obtained (Gray, Muir 
& Neuberger, 1950), showing that, in addition to red cells ofa 
normal life-span, there were many cells with a life-span of less 
than 20 days and in addition a proportion of cells with a life- 
span of about 50 days. These results were quite different from 
those reported by the New York workers, who had obtained a 
normal !5N concentration-time curve for haemin in their case. 
The experiment was also done a second time by the British 
workers and a completely normal curve obtained (fig. 7). The 
cells of extremely short life-span were no longer present and 
it was obvious that at the time of the first experiment a haema- 
tological crisis must have taken place—a view confirmed by 
the haematological data. In this connexion it is interesting to 
note that Mackey & Garrod (1926) reported a haemolytic 
anaemia in the patient 25 years before the isotope experiments 
were performed. These results, as well as the haematological 
data of cases reported in the literature, suggest that haemoly- 
sis, possibly intermittent, is an essential feature of congenital 
porphyria. 
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4. The Mechanism of Congenital Porphyria 


It is clear that any theory concerning the mechanism of 
congenital porphyria must take into account the greatly in- 
creased excretion of porphyrins of Type I in the faeces and 
urine, and the large amount of isotope in the stercobilin 
immediately after feeding labelled glycine, as well as the 
excessive haemolysis. Rimington (1938) postulated that in 
this condition there was a genetically determined abnormality 
of the enzyme systems leading to excessive quantities of Type I 
porphyrins. Neuberger et al. (1950) consider it probable that 
the disturbance of porphyrin formation does not concern the 
body as a whole but is confined to the haemopoietic system. 
On this basis, all the clinical manifestations could be accounted 
for by the excretion and deposition of porphyrins in tissues or 
by a disturbance of blood formation. The disturbance would 
be due to a deficiency of the enzymes controlling the con- 
densation of the monopyrrole units considered to be inter- 
mediaries in porphyrin formation. The presence of Type I 
porphyrin which cannot be used for the synthesis of haemo- 
globin might interfere with haemopoiesis. Possibly the red 
cells in the bone-marrow containing excessive amounts of 
Type I porphyrins may be broken down. The Type I por- 
phyrins would be excreted as such, while the Type III por- 
phyrins, through haemoglobin, would give rise to bile pigment 
and ultimately stercobilin. On the other hand, the presence of 
large amounts of Type I porphyrin may stimulate haemo- 
globin catabolism relative to synthesis and so cause forma- 
tion of bile pigment in the bone-marrow. Under some cir- 
cumstances the defective red cells may not be destroyed until 
shortly after they have.been liberated from the bone-marrow 
into the circulation. No explanation of the unusually high 
incorporation of 1°N into the haem of circulating haemo- 
globin in congenital porphyria has been put forward. 


5. The Effect of Splenectomy on Congenital Porphyria 


Splenectomy has now been performed in two cases of 
congenital porphyria, mainly on account of the associated 
anaemia and splenomegaly. In one case there was a remark- 
able beneficial effect in that the excretion of porphyrin was 
completely abolished and photosensitivity disappeared 
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FIG. 7. CONCENTRATION OF “N IN HAEMIN 
SAMPLES OF A PATIENT WITH CONGENITAL 
PORPHYRIA WHO HAD BEEN GIVEN [!'°N]-GLY- 
CINE (SECOND EXPERIMENT) 
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entirely (Aldrich et al. 1951). In the other case, however, 
apart from a temporary diminution in porphyrin excretion, 
there was no abatement of the photosensitivity nor any 
essential alteration in the haematological findings (Gray & 
Neuberger, 1952). The ™°N concentration-time curve of 
haem was similar to that found previously. In this con- 
nexion it is interesting to note that both before and after 
splenectomy the incorporation of 15N into the haem of circu- 
lating haemoglobin was very high. 


6. Outstanding Problems 


The mechanism of the abnormality of porphyrin meta- 
bolism in acute and chronic porphyria must await a more 
detailed knowledge concerning the chemistry of the pigments 
and precursors excreted. Isotope studies are precluded until 
the relevant substances can be isolated in the pure condition, 
and this is by no means the case at present. An isotope experi- 
ment carried out on a patient excreting large amounts of 
protoporphyrin in the faeces, who had periodic attacks of 
jaundice associated with severe photosensitivity, has shown 
that the protoporphyrin excreted was derived partly from 
glycine by a rapid reaction and partly from the break-down of 
red cells at the end of their normal life-span. In this case, as in 
congenital porphyria, the incorporation of !5N into the haem 
of circulating haemoglobin was high. A more detailed study 
of such cases is urgently required. 
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The rapid growth in the use of radioactive tracer methods 
in recent years has brought about a corresponding improve- 
ment in the supply of labelled compounds, and many of these 
can now be purchased with little more trouble than ordinary 
laboratory chemicals. In this article we shall first consider 
the advantages and limitations of an organized source of 
supply, with reference to the present arrangements in the 
United Kingdom, and then discuss various factors which 
affect the preparation of labelled compounds by individual 
users: these are not only technical, but also concern such 
relevant topics as cost and radiation hazards. 

In the technical sections no attempt has been made to deal 
comprehensively with all methods of preparing labelled 
compounds, as several useful reviews have already been 
published, to which references are given in the bibliography. 
Our aim has been to show how choice of the position of 
labelling and of specific activity of a compound affect the 
effort necessary for its preparation, and to summarize some 
of the more useful methods of synthesis. 

The discussion is mainly concerned with ‘C-labelled 
compounds, which are the most important, with occasional 
reference to other isotopes when these are of special interest 
for biological or medical use. 


1. The Scope of an Organized Supply 


Clearly it is more convenient for the user to obtain labelled 
compounds from a supplier than to prepare them for himself, 
providing always that the cost and quality of the product 
are satisfactory. There are also substantial technical and 
economic advantages to be gained from preparing commonly 
used labelled compounds on the largest possible scale, in a 
central laboratory suitably equipped for the purpose; high 
specific activity, chemical purity, economy in “C, and low cost 
of preparation, are all favoured by increasing the scale of 
work. In the United Kingdom, preparation and supply of 
radioactive compounds are functions of the Radiochemical 
Centre, at Amersham, which was formed for this purpose in 


1946 and is now attached to the Atomic Energy Research 
Establishment. 

It is a point of policy that preparations of labelled com- 
pounds intended for general distribution are always made 
at the highest practicable specific activity. There is little 
purpose in performing syntheses at the tracer level, as these 
are of limited application, and can often be made by standard 
chemical or biological procedures in an ordinary laboratory, 
and with no special equipment. 

The choice of a first list of labelled compounds suitable for 
production on a large scale is not difficult; it must contain 
the simpler and more readily accessible compounds in general 
demand either for biological experiments or as chemical 
intermediates in more extended syntheses. Experience at 
Amersham has shown that, at the present time, about three- 
quarters of the demand is for not more than 12 compounds, 
and that a list of 40 or 50 compounds covers most needs in 
this class. Some 40 “C-labelled compounds are currently 
available. 

The selection of a second list is a good deal more difficult. 
It must include complex compounds of special biological 
interest, such as sugars and essential amino-acids. The 
synthesis of these materials frequently requires extended 
developmental work, and they are inevitably costly to pro- 
duce. Suitable compounds are therefore selected according 
to inquiries received at Amersham, and with the advice of 
the Tracer Elements Committee of the Medical Research 
Council. 

Beyond the scope of this second list, there is an almost 
unlimited number of compounds required from time to time 
for individual researches. The research worker who is using 
labelled compounds as a means of unravelling a complicated 
metabolic process, possibly by testing them as precursors, 
may require each compound only for a single experiment. 
Clearly an organized supply cannot cater for this, and the 
research worker has no recourse but to make his own 
arrangements for synthesis. Nevertheless, much can be done 
to avoid unnecessary duplication of effort. A record of all 
labelled compounds known to have been prepared in the 
United Kingdom is kept at Amersham, and by means of a 
co-operative scheme it is possible to supply “C additional 
to the user’s immediate requirements, and thus to increase the 
scale of the synthesis so that the surplus product may later be 
made generally available. Many preparations, particularly 
those including biosynthesis at one stage, require two elements 
of specialized knowledge: biological techniques on the one 
hand, and the methods of radiochemistry on the other, and 
there is thus frequent opportunity for collaboration between 
users in university departments and elsewhere, and the Radio- 
chemical Centre. 

A word must also be added about compounds of short- 
lived isotopes, which, unlike those of C, cannot be stored 
for longer than a few weeks, or at most for some months; for 
example, those containing *S, **P and "I. Ifa compound is 
of general interest, as in the case of [*°S]-methionine, or [**'I]- 
diiodofluorescein, synthesis can be arranged at regular inter- 
vals, and probable users kept informed. 

Finally it may be observed that economic factors, inherent 
in the preparation of labelled compounds, operate against 
their manufacture on normal commercial lines. With a very 
few exceptions the market for them is restricted, and therefore 
the preparation of a large batch of a new compound can be 
considered only as a speculation; a small batch would 
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probably make the unit cost of the macerial prohibitive. 
Moreover, as the range of compounds is increased, the stocks 
may amount to an embarrassingly large investment in C. 
Experience in the USA has shown that the manufacture of 
labelled compounds commercially is not generally self- 
supporting, and not necessarily competitive, and it must 
either be subsidized by the government, or sponsored by 
makers of commercial products. 


2. Specific Activity and its Effect on Preparative Methods 


In tracer work it is not only essential that the activity of 
the identifying isotope shall be sufficient for it to be detected 
among the products of the experiment, but also that the 
amount of labelled substance used shall not be so much as 
to upset the normal state of the system under examination. 
High specific activity! is therefore generally desirable in 
labelled compounds, and it is particularly important when 
they are to be used in plant or animal biochemistry, or in 
medicine. 

The higher the specific activity required in a labelled com- 
pound the more difficult its preparation becomes, and there 
is always an upper limit to what can be obtained in practice. 
This arises principally from two causes, which apply fairly 
generally irrespective of the method of synthesis: the maxi- 
mum activity attainable in the isotope itself, and the experi- 
mental difficulties imposed by a small scale of synthesis. There 
is also a third possibility, that of decomposition of the com- 
pound under its own radiation. However, this is seldom 
troublesome and, in general, “C compounds seem to be 
stable and can be stored for long periods without appreciable 
decomposition. But it may be encountered at high specific 
activities with short-lived isotopes; for example, it has been 
noticed recently in a specimen of [*5S]-thiourea at 500 mc./mm, 
and it has also been reported that ['*"I]-thyroxine is unstable 
at high activity. 

The maximum specific activity of an isotope inevitably sets 
an absolute limit to what can be obtained in a compound 
labelled with it, notwithstanding the expedient of multiple 
labelling which is sometimes helpful. Fortunately most of the 
more useful isotopes can be produced in the pile by (n, p) 
reactions, and are therefore available more or less free from 
inactive carrier after chemical separation. For pure '*C 
the specific activity is 54 mc./milliatom, taking its half-life to 
be 5,800 years; but of material available so far, the isotopic 
abundance has been between 1% and 5%, corresponding to 
0.5-2.7 mce./milliatom. ™“C is produced by irradiation of 
large quantities of nitrogenous material, usually in the form 
of nitrates, and the relatively low specific activity of the pro- 
duct is attributed to the difficulty of obtaining these target 
materials quite free from inactive carbon; and also of avoid- 
ing contamination with !*C during the chemical extraction. 
Recently it has been reported that metallic nitrides, particu- 
larly beryllium nitride, have advantages as target materials 
(Fries, 1950). When these compounds are irradiated with 
neutrons, not all the '*C is formed as carbon dioxide or carbon- 
ate, but some is present as cyanide, formate, methanol, and 
similar compounds ; and, by removing the product fractionally, 
part of it can be obtained with enhanced specific activity, up 
to about 25% MC. 


+ Specific activity in labelled compounds is most conveniently expressed as 
millicuries/milligram molecule (mc./mM). These values are comparable 
between compounds of differing molecular weights. 
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Although it is likely that there will be a progressive improve- 
ment in the specific activity of 4*C, even the pure isotope would 
not be sufficiently active for some purposes. One then has 
to consider using tritium, which has a theoretical maximum 
specific activity of 3 x 10‘ mc./milliatom. The shorter-lived 
isotopes, such as *S, *2P and 1*1I, may be considered to be 
almost free of carrier in the separated form, and for most 
syntheses it is necessary to add carrier. 

In chemical syntheses with “C at high specific activity, one 
must either use a large radiochemical batch, or accept the 
difficulties of working on a small chemical scale. The in- 
trinsic cost of !*C is substantial and with a large batch there is 
always a risk of loss, which can be reduced only by very 
thorough exploratory work. For this reason most labora- 
tories rarely use more than 10 mc. in a batch, and the scale of 
working is usually 5-10 mm. Even with 10 mm, many of 
the normal techniques of preparative organic chemistry may 
be impracticable; for example, close fractional distillation, 
fractional crystallization, or distribution between solvents. 
One must therefore frequently adopt unorthodox methods 
and new reagents, and there have been many recent advances 
in techniques. With volatile compounds, the work must 
always be conducted in a vacuum manifold, and as the scale 
decreases special care must be taken to avoid loss by ad- 
sorption or reaction with materials such as rubber, tap grease 
or mercury. Adsorption on glass or particulate material may 
also be troublesome. With solid compounds one adopts the 
general methods of microchemistry. 

There are also practical advantages of working at high 
specific activity, particularly during the early stages of a long 
synthesis. One may often increase the yield and purity of the 
product by dilution at a critical stage: DL-mixtures can 
often be resolved in this way. The very valuable techniques 
of paper or column chromatography can also be applied 
more readily to small amounts of material. The possibility 
of labelling by exchange between a carrier-free isotope and a 
labile compound is also worth noting; the lower alkyl iodides 
can be labelled with '*"I in this way, and of course the method 
is widely used with tritium, as with deuterium. Finally, it is 
often convenient to make short-lived labelled compounds at 
the highest possible specific activity, so that they remain useful 
for a long period. 


3. Chemical Methods of Synthesis 


Studies of chemical or biochemical processes, as distinct 
from purely physical ones, generally call for compounds which 
are specifically labelled in a single atom, or occasionally in 
two, in preference to general labelling. It is an inherent 
advantage of chemical methods of synthesis that they generally 
give complete control over the position of the isotopic sub- 
stituent, whereas biological methods commonly lead to 
multiple labelling. 

However, there are several possible causes of ambiguity in 
labelling which must not be overlooked. For example, any 
synthesis which makes use of a symmetrical intermediate, such 
as acetylene, succinic acid, benzene or naphthalene, inevitably 
results in multiple labelling of the product. Optically active 
compounds are usually produced as DL-mixtures, which can 
often be resolved only with some difficulty and loss of yield. 
One must also watch for exchange reactions, or rearrange- 
ments in the carbon skeleton of a molecule, which may not 
become apparent until individual carbon atoms in it are 
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FIG. 1. MOLECULAR RE-ARRANGEMENTS CAUSING 
AMBIGUITY OF LABELLING 
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labelled; for example, the rearrangement of fert.-butyl and 
tert.-amyl! derivatives in the presence of aluminium chloride, 
and also the conversion of ethylamine to ethanol (Ropp & 
Neville, 1951; see also fig. 1). 

Fortunately the differences in reaction rates which have 
been observed between '*C and *C do not often cause diffi- 
culty in preparing labelled compounds, as they may do in the 
interpretation of the results of tracer experiments. It may be 
noted that incomplete combustion of labelled carbon com- 
pounds for the purpose of analysis can give rise to unrepre- 
sentative samples for counting. 

Chemical methods can usually be made efficient, at least 
for the simpler compounds, but careful exploration of tech- 
nique is often necessary. Many of the practical difficulties 
arise from the limited range of primary materials available at 
high specific activity. As these generally have to be separated 
isotopes, the method of their routine extraction from target 
materials determines their chemical form; thus '*C as sodium 
or barium carbonate; **P as phosphoric acid; “S as sul- 
phuric acid; "I as sodium iodide. These are somewhat 
intractable starting materials for the synthesis of labelled 
organic compounds. 

For example, the preparation of aromatic compounds, 
labelled in the nucleus with C, presents special difficulties. 
Although the hydrocarbons, benzene (Turner, 1951); 
naphthalene (Speer, 1950); anthracene (Stevens & Holland, 
1950); and phenanthrene (Collins, 1948), are reasonably 
accessible labelled with ™C, they only partially solve the 
problem of preparing nuclear-labelled aromatic compounds 
of biological interest, which are usually so many synthetic 
stages beyond the parent hydrocarbons as to present a formid- 
able task; in fact this approach has not as yet been employed 
in tracer synthesis. It will always result in multiple labelling. 


The preparation of a substituted hydrocarbon containing 
an orienting group, such as toluene (Fields, Leaffer & Rohan, 
1949), or methylnaphthalene (Collins, 1951), permits of 
specific labelling, and the substituent is often of value in 
further synthetic work; toluene, for example, leads to 
benzoic acid, benzyl chloride, benzyl alcohol, benzaldehyde 
and aniline, more conveniently than does benzene. 

Synthetic routes to more complex ring-labelled compounds 
are chosen so as to introduce the isotopic atom at the latest 
possible stage, thus limiting the positions in which the label 
may be placed. Examples are [5: 6-'*C]-benzanthracene and 
[5: 6-1*C]-chrysene, prepared by Collins (cf. Crompton & 
Woodruff, 1950); [3-'*C]-cholestenone (Turner, 1947); and 
[4-'*C]-cholestenone (Heard & Ziegler, 1951). The synthesis 
of [8-'*C]-2-naphthylamine recently completed at the Radio- 
chemical Centre, in collaboration with Imperial Chemical 
Industries Ltd., may also be mentioned; the route of this 
synthesis and approximate yields are shown in fig. 2. 

Very little progress has been made with the ring-labelling 
of heterocyclic compounds excepting pyrimidines, purines, 
and barbiturates, which may be prepared from readily avail- 
able labelled aliphatic intermediates by established methods. 

A large number of small-scale methods of synthesis have 
been devised for '*C compounds, starting with “CO, and, on 
account of the comparative scarcity and high cost of this 
isotope, much attention has been paid to improvement of 
yields. A selection of these methods is presented diagram- 
matically as an appendix in Tables I-VII, with the yields 
which may be expected for each stage. From these tables 
the reader will be able to judge the accessibility of a wide 
range of compounds, but this information is not intended to 
be comprehensive, and many other syntheses will be found 
in the literature. 


4. Biological Methods of Synthesis 


Biological preparative methods make available a number of 
valuable labelled compounds whose chemical synthesis is 
either impossible or impracticable. Very often these com- 
pounds can be obtained in a single stage from CO,. There is 
also the advantage that optically active compounds are pro- 
duced in the natural configuration, which is usually the one 
required. 


FIG. 2. SYNTHESIS OF [8-'4c]-2-NAPTHYLAMINE 
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There is, however, comparatively little control over the 
labelling, although occasionally a system may be chosen 
which restricts the positions of labelling; as, for example, 
the preparation of [3: 4-'*C]-glucose (Lorber, Lifson & Wood, 
1945; Villee & Hastings, 1949). There can be no doubt 
that specific labelling by biological systems will be developed 
further in the future. Uniform generat labelling inevitably 
follows from the culture of autotrophic bacteria in '*CO,, 
and also from photosynthetic processes, if they are allowed to 
proceed for a sufficiently long time. Very often, however, 
the labelling is not certainly either general, or uniform, and 
must be determined by degradation of the compound. This 
is frequently a tedious operation, and such materials are of 
rather restricted use. Nevertheless, non-specific labelling is 
not always a disadvantage, and general labelling is sometimes 
used as a device for increasing the specific activity of a multi- 
carbon compound. 

The efficiency of biological synthetic methods varies widely. 
It is a general disadvantage of using growing organisms that 
the active isotope becomes distributed among many products, 
and the one specially desired may be obtainable only in small 
yield. Moreover, its extraction and purification may be 
difficult and laborious. For example, long-term plant 
photosyntheses, when used to produce such materials as 
labelled alkaloids or cardiac glycosides (Geiling et al. 1948), are 
inefficient due to most of the isotope being incorporated into 
structural tissue, which is of no special interest. Such an 
enterprise is a substantial undertaking. In the United States, 
long-term photosyntheses are being made in sealed green- 
houses, having a capacity of 9,000 litres, where plants can be 
grown to maturity in active carbon dioxide under controlled 
conditions. The daily intake of *C may be as much as 
100 mc. 

However, photosynthesis in detached plant leaves has 
proved to be a practical and efficient means of obtaining 
generally labelled carbohydrates. Turkish tobacco leaves 
will produce 50-70% yields (mainly of starch), and cannabis 
leaves about 50° of sucrose. Dilution with ?*C is not great, 
and high specific activities are attainable. As a source of 
other labelled compounds, photosynthesis has not been 
outstandingly useful, although it has been used to prepare 
generally labelled protein both in algae and in higher plants. 

Animal biosynthesis, as a source of individual labelled 
compounds, is a comparatively inefficient process. Isotope 
“‘farms”’ have been proposed, in which an animal is maintained 
on a diet containing 'C for a sufficient time to produce ex- 
tensive labelling of the normal body constituents from which 
a large variety of labelled compounds can be obtained; but 
on closer scrutiny, these projects have inherent disadvantages 
—the specific activities are low, the utilization of ™“C is 
inefficient and the extraction and purification processes are 
laborious. 

Although tracer compounds are being widely used to in- 
vestigate the synthetic capacities of isolated animal tissues in 
vitro, this method does not seem to have been employed 
extensively for preparative purposes. The conversion of 
carbon dioxide and [carboxy-'*C]-acetate into glycogen and 
[3 :4-"C]-glucose (Villee & Hastings, 1949; Gould et al. 
1949), of glycine to glutathione (Bloch, 1949), and of 
acetate to cholesterol and to milk fats (Chaikoff, Dauben & 
Srere, 1948; Cowie et al. 1951), are examples of what may be 
done in this way. 

The chemical versatility of micro-organisms makes them a 
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promising means of labelling compounds, but their poten- 
tialities are restricted by the labelled substrates which are 
available. Good yields of some carboxyl-labelled lower fatty 
acids are obtainable from carbon dioxide; but although this 
method is often convenient for the microbiologist, it is not 
generally preferred to chemical synthesis. 

Suitable bacterial cultures are probably the most con- 
venient source of generally labelled protein, a conversion of 
about 25% of carbon dioxide into amino-acids being attain- 
able. The increasing variety of precursor compounds which 
are becoming available, such as acetates, pyruvates, ethanols, 
glycine, sucrose, and glucose, will undoubtedly stimulate 
preparative work with micro-organisms. The production of 
labelled dextran by fermentation of photosynthetic sucrose, 
achieved by Brues and others at Chicago, is probably the most 
ambitious microbiological preparation yet achieved with “C 
(Brues, 1951). 

As an example of a general biological method which is 
suited to tracer work, the use of enzymes in the resolution 
of DL-amino-acids may be quoted (Bergmann & Fraenkel- 
Conrat, 1937; Doherty & Popenoe, 1951; Greenstein, 
Fodor & Price, 1949; Greenstein et al. 1951a; Greenstein & 
Levintow, 1951). This method is readily adaptable to small- 
scale work, and is to be preferred to the classical one of 
recrystallizing a derivative of an asymmetric reagent. Further- 
more, D- and L-oxidases and decarboxylases may be used to 
check the optical purity of labelled amino-acids, where direct 


optical measurements are impracticable (Greenstein et al. 
1951b). 


5. Considerations of Health? 


The precautions which are necessary for safe handling of 
radioactive isotopes are now fairly widely known, and there 
are ample directives on this subject (see select bibliography). 
In some classes of radiochemical work these measures are 
necessarily so stringent as to require a specially designed 
laboratory, and rigorous medical and physical control; but for 
the preparation and use of a very wide range of labelled com- 
pounds at moderate activity, this is not so, and considerations 
of safety need seldom be deterrent to undertaking such work. 
The care which is always necessary in avoiding vitiation of the 
results of tracer experiments by random radioactive con- 
tamination of materials is in itself a valuable supplementary 
safeguard against hazards to health. 

The danger of labelled compounds as external sources of 
radiation is often slight. It is fortunate that the isotopes most 
commonly used for labelling compounds in medical or bio- 
logical work ('#C, *5S, tritium) emit only soft ® radiation, 
which is completely absorbed by the walls of ordinary 
laboratory glassware. Therefore chemical work with these 
isotopes presents no problems of screening or remote control; 
for others, which emit hard £ or y radiation, screening usually 
becomes necessary at the millicurie level. 

The risks of radioactive poisoning from inhalation or 
ingestion of active materials warrant careful consideration. 
Although recommendations have been published for the 
maximum permissible level of certain isotopes fixed in the 
body, and the corresponding concentrations permissible in 
drinking-water and in air, it must be remembered that these 
are generalizations based on the assumption that the isotope 
is present either as an ion, or in a simple form for which the 
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metabolism is known. Clearly no such general rule can apply 
to all labelled compounds, and precise conclusions can be 
stated for a particular chemical form only after its toxicology 
has been subjected to a detailed tracer investigation. 

On account of its long half-life and the possibility that it 
would be found to be readily fixed in bone, C has necessarily 
been regarded initially as a specially hazardous isotope; but 
recent studies of the retention and elimination of ™“C in 
experimental animals suggest that, at least in many simple 
compounds, it is less hazardous than had been feared. When 
soluble carbonates are injected, the C is rapidly eliminated 
through the lungs: for example, Skipper, White & Bryan 
(1949) have shown that after the injection of sodium bicar- 
bonate into rats, at least 90° of the C is lost by respiration 
in the first hour. Even for barium carbonate, when injected as 
a suspension, or when inhaled as an aerosol, the rate of 
exchange with '*C and the elimination of “C are almost as 
great as for soluble carbonates (Govaerts, 1950; Skipper, 
private communication). Such rapid elimination reduces the 
integral dose following a single exposure, and Buchanan 
(1951) has calculated that a single dose of 20 to 40 mc. of #C, 
administered as sodium bicarbonate, would be necessary to 
produce | rep (réntgen-equivalent-physical) in a normal man 
over his entire life-span. And Skipper, Nolan & Simpson 
(1951), who have studied the long-term radiation of C in 
bone, have shown that a single injection of 18 uc. of “C as 
sodium bicarbonate in mice (equivalent to a 50 mc. dose in 
man), produces a localized radiation in part of the bone 
tissue, which is only temporarily above 0.04 rep per day, and 
falls to this value after four months. The turn-over in soft 
tissue is of course far more rapid. 

Much more has to be known about the long-term effects 
of “C in bone before firm recommendations can be made 
concerning the maximum permissible amount of “C in 
humans; but these results do show that, in laboratories where 
4C is used as carbonate in quantities up to 50 mc. and is 
handled with reasonable care, the consequences of a single 
accidental exposure are unlikely to be very serious. As a 
general rule, the concentration of “C as carbon dioxide in 
the atmosphere should be kept below 10~* uc./ml. as pro- 
posed by the International Commission on Radiological 
Protection, but here again a single short exposure to a 
higher concentration is unlikely to result in the storage of an 
excessive amount of ™C. 


6. Cost 


As labelled compounds are still somewhat scarce, and are 
often unfamiliar as laboratory chemicals, a note about their 
cost is appropriate here. There are of course two principal 
contributory items in this, namely the cost of the radioactive 
isotope and that of synthesizing the desired compound; and 
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this is so, whether it is obtained from a central supplier, or by 
preparation in the user’s own laboratory, although in the 
latter case the true cost of the preparation may not always be 
apparent. 

In the United Kingdom, the prices of radioactive isotopes 
are fixed by the producers (the Ministry of Supply) so as to 
cover working expenses. These include the direct cost of 
labour and materials, and such overhead charges as are 
attributable to facilities provided specially for the production 
of radioactive isotopes; but the capital cost of the nuclear 
reactor is left out of account. 

Among the isotopes commonly used for labelling com- 
pounds, “C happens to be one of the most difficult to pro- 
duce. Thecost of this isotope (currently £12 per mc.) is there- 
fore substantial, and although improvements in methods of 
production are constantly being sought, it is likely to remain 
so. Short-lived isotopes are generally much cheaper, par- 
ticularly those which are produced routinely for therapeutic 
use. 

The intrinsic value of the isotope in a labelled compound 
will depend upon the yield obtained in the synthesis, and if this 
is a long one the over-all yield may be quite low. For example, 
for a synthesis of three stages, each having an effective yield of 
50%, the over-all yield is 12.5°% and the cost of '*C per mc. 
in the product will therefore be nearly £100. (It is assumed 
that none of the “C can be recovered in a useful form.) 

The second main element of cost is that of the labour and 
ancillary laboratory services necessary for developing a suit- 
able method of synthesis, and for carrying it through. The 
time taken for a particular synthesis will of course vary widely 
according to its complexity, but it may easily be several weeks, 
or even months. This class of work usually requires the 
attention of a skilled chemist, whose true cost, including his 
salary and laboratory overheads, is probably in the region of 
£10 a day for most industrial laboratories at the present time. 
To this must be added the cost of special services which may 
be necessary for radiochemical work. Thus it will be seen 
that for a small batch of a compound, the cost of synthesis 
may be preponderant, and it is therefore economical to work 
on the largest possible scale. 

These considerations of cost apply particularly to labelled 
compounds of high specific activity, and it may be concluded 
that when these are available from a central supplier they 
are more economically purchased than prepared individually 
in the user’s own laboratory. Nevertheless, syntheses at 
the tracer level can often be made quite cheaply without 
special facilities and by comparatively junior staff; further, 
in some laboratories, the true cost of the work is considered 
to be less important from a financial point of view than 
money spent in making an external purchase. In these 
circumstances, the user may very well decide to undertake 
his own preparative work. 
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APPENDIX 


TABLES SHOWING SYNTHESES OF COMPOUNDS LABELLED WITH "“C 


Figures in parentheses in italic type refer to references which appear after the tables 


TABLE |. PRIMARY STAGES FROM CARBON DIOXIDE 


“CO, 
Carbon Dioxide 


| | | } 
| 90% | 90-98%, | 85-95%, | 70% | 98% | 85-95% | 100% 100% 40-80% 
| | | 


| 
| 








| | 

¥ o Y ¥ v y y Y 
KCN Ba"C, R.4“COOH Ba*CN, H*COOH 4CH,OH 4CO MCH, 4CO(NH,),. 
Barium Formic acid Methanol Carbon Methane Urea 
(25-28) monoxide (33, 34) (35, 36) 
(29-32) 


Potassium cyanide Barium Carboxyl- 
(1-9) carbide labelled cyanamide (21-24) 


| acids (/6) 
TABLE VI TABLE Vil 
TABLE IV | 


+ + 
MC.H, MCN.NH, 


Acetylene Cyanamide 
(10-15) (17-20) 


TABLE Ill TABLE V 


TABLE I! 


TABLE ll. ROUTES FROM CYANIDE 


KCN 
Potassium cyanide 








| 75% 85-100%, | 19-30%, 85-90%, | 60-95%, | 


’ ’ Y + . . 
Cl(CH,),"*CN “CH,NH, MCOOEt Sugars Cu“CN R.44CN K4CNO 
: | labelled F sont F 
| Methylamine CHOH seamen Cuprous cyanide aa — 
. 100% | atom 1 | 75-80%, 
“CN(CH,),CH(COOEt), | CH,OH | 
| 70% 4CH,NHCONH, 63% CH,COCN 
1 Methylurea i Pyruvic nitrile | 
44CN(CH,),C(NOH)(COOEt), 4CH,OHCHOHCH,.OH | 40-70%, R.COOH (2) 
| 73% i [1-"C]-Glycerol (3) | = (54%, of 
{ MCH.N, CH,COCOOH otie cyanide) 
[e-'*C]-Lysine (6) Diazomethane Pyruvic acid 


(4, 7) 


74% 


y 
R.4“CH.NH, | 
Amines 144CO(NH,), 
Urea 











(5) 
(35-54% of 
cyanide) i 
R.CH(OH)*CN 


a-Hydroxynitriles 





} 
CH,OH(CH,),CH(OH)"CN 


| R.CH(OH)'*COOH 
NH,(CH,),CH(NH,)'*COOH a-Hydroxyacids 
‘[carboxy-!C}-Lysine (e.g. lactic acid) 
(10-15% based on cyanide) y 
| | Scu (8, 9) R.CH(NH,)'*COOH 
| 








N="CNH, 


N—“4C—NH a-Amino-acids H 
| 
[4-"*C]-Guanine (/) | | cH 
N—4*C—N 


CH,(!4CN), [4 : 6-'*C]-Adenine 


—+4CNCH,CONH, 
(4% based on cyanide) 


Cyanacetamide Malononitrile 
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TABLE Ill. 


“CH: “CH 
Acetylene 


ROUTES FROM ACETYLENE 





100%, 
| 


MCH,: “CH, (1) 
Ethylene 


| 80%, | 





100%, 


Br'*CH,'*CH.Br 
Ethylene dibromide 


'46CH,(OH)CH,Cl 
Ethylene chlorohydrin 
| 84% (of ethylene) 


MCH,4CH,I 
Ethyl iodide (/) 


MCH,MCH, CN“CH,"CH,CN 


\ 


ra i 
O HOOCCH,"CH,COOH 


Ethylene oxide (2) Succinic acid (75% of ethylene) 
| | 


75%, 


t 
4“CH,CHO 
Acetaldehyde 
| 





| 
’ 
'4CH,'*COOH, etc. 


Acetic acid 
(cf. Table Vil) 


'6CH,'*CH(OH)CN 


Acetaldehyde 
cyanhydrin 
| 


'4CH,"*CH(OH)COOH 


[a:B-'*C]-Lactic acid (7, 5) 
(40-50% of carbon dioxide) 








| | 930% 


HOCH,"*CH,'*CH,.CH,OH 
Butane-1 : 4-diol 


4CH,'*CH,OH 
Ethanol (2) 


CN“CH,'*CH,OH 
Ethylene cyanhydrin 
| 


CH, ="CH."*CH —CH, (4) 
[2: 3-'*C]-Butadiene 


CNCH: *CH, 
Acrylonitrile (4) 


HOOC"CH,'*CHBrCOOH 
’ 


“CH—CO, 


/ 
“CH—CO’ 
Maleic anhydride (4) 


TABLE IV. EXAMPLES OF SYNTHESES VIA CARBOXYL-LABELLED ACIDS 


u4CO, 
Carbon dioxide 





| 65% | | 90% 


| 60-90% 


| 
| 
C,H,(CH,);"COOH C,H,!*COOH CH,"“COOH 


) 
90%, 


Oo 
IOe 
er es 


a-Tetralone 
| 70%, 


y 
VW } 
| @ C,H, 
VY ['*C]-Benzene 
[1-!*C]-Naphthalene aa 
(8) 


Carboxyl-labelled 
fatty acids 
(e.g. stearic acid) 
3 


+ 


[1-"4C]-1-Naphthol 
(2) 


C,H,"CH,OH 
| 75% 


Y 
(CH;).'*CO 


‘CH; Acetone (5) 





90-100%, 


CH,4CHBrCOOH «— CH,"CH,COOH «— CH,"CH,Br <— CH, 3*CH,OH 
Propionic 70% Ethyl 95% Ethanol 
acid bromide (4) 


] 
75% 
CH,'*CH(OH)COOH 


CH,!CH(NH,)COOH 
[a-'*C]-Lactic acid (10) 


[a-!4C]-Alanine (9) 


Voi. 8 No. 2-3 


[carboxy-'*C]-Acetic acid 


| 90-95%, 


vy 
BrCH,"*COOH 


Bromoacetic 
acid, etc. 
(cf. Table Vil) 


CH,"COC! 
Acetyl chloride (6, 
(4) 





| 81%, 85%, 
C,H,*COOH 


£0) 
81% 


p-CH,OC,H,'*COOH 
| 73% 
+ 
C,H,!*CH,OH 
97%, 


p-CH,OC,H,"*CHO 
Anisaldehyde 


| 93% 





+ 
C,H,“CH, 


p-CH,OC,H,4“CH =C——-CO Toluene (2) 


i 8 
NH NH 
Ve 
co 
Anisalhydantoin 
36% 


| a5- 
+ p-HOC,H,"CH,CH(NH,)COOH 


[B-'*C]-Tyrosine 
6, 7) 


| 40% 


+ 
CH,'*COCOOH 
[a-14C]-Pyruvic acid 
(1) 
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| 90% 
' 
MCO(NH,), 
Urea (6) 


| 400/ 
40% 


‘ . 
NH,“COOEt Barbiturates 


Urethane 


(4) 


TABLE V. ROUTES FROM CYANAMIDE 


NH,"“CN 
Cyanamide 
| 





7% 


“CS(NH,)s 
Thiourea (/) 





| | 
| | 
v ¥ 
NH—CO Aneurin 
(vitamin B,) 
(5 


Thiobarbiturates 


| 
“cS CH 

; | 
NH—CH 


[2-!*C]-Thiouracil 
(3) 


NH, 
NHMCK 


Guanidine (6) 








about 1% 


Folic acid 
(pteroylglutamic acid, 
vitamin B.) (2) 





| 12-15%, 
t 


N=COH 


NH, ud ae 
Ll 


N—C—N¢t 
soniabdianiines (3) 


TABLE VI. ROUTES FROM FORMIC ACID 


H'*COOH 
Formic acid 


| 


| 12-15% 
N=COH 
| 
Nite C_N 


[| Se 
N—C—NH 
[2-4*C]-Guanine (3) 





85-90%, 


4CH,OH 
Methanol, etc. (/, 5) 
(cf. Table Vil) 


| 449% 


v 
N—CNH, 


dy 
[> 


N. 


| 88-90% 


(COOH), 
Oxalic acid (2) 


| 60-70% 


[8-"*C]-Adenine (3, 7) 


—N HOOCHCOCH.CH,COOH 


a-Ketoglutaric acid (4, 6) 
| 64% 
* 


HOOMCHCH(NH,)CH,CH,COOH 
Glutamic acid (4, 6) 
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TABLE Vil. ROUTES FROM METHANOL 


14CH,OH 
Methanol 





95% | 79% 


t 
MCH,I (5, 1/2) HCHO 
Methyl iodide Formaldehyde (1, 9) 


—+4CH,NO, HOMCH,CH(NH,)COOH< | 
74% Nitromethane (2, 16) [8-"4C]-Serine (1) 27% | 46% 

| (4CH,OH),CHNH, 

| 100% | 3-15% | 83% | 40%, 














Sugars labelled (CH,OH),"*CNO y 
{ in carbon atom 1 ‘ . “CH,OHCHOH™CH,OH 
MCH,CN (11, 15, 16) | 30% [1: “oe 

Acetonitrile (5) CH,OH™*COCH,OH 
| 95% [2-!4C]-Dihydroxyacetone 
(2) 





14CH,COOH . 
[a-'4C]-Acetic acid (5) 75% 


) 
90-95%, (CH,),CO 


‘ 
Br'*CH,COOH Acetone (4) 


| 
Bromoacetic acid | 100% 
(4, 10, 13, 17) | 
(}4CH,),CHOH 


isoPropanol 


| 95% 





-++NH,"“CH,COOH 
65-70% Glycine (17) | 90-95%, 





t 
90°, C,H,CONH“CH,COOH 
—_—__—_——+MCH,(COOEt), Hippuric acid (8) 
Malonic ester (4) | 30-40%, 
: | ! 30% 
| C,H,CH,"*CH(NH,)COOH ) 
{ { [a-!“C]-8-Phenylalanine (8) (*CH;),CHCH(NH,)COOH 
a-labelled MCH(OAc)(COOEt), [y-!4C]-Valine (3) 
acids, etc. | 
| CH,OH™“CHOHCH,OH 
[2-!4C]-Glycerol (7) 


(4CH,),CHI 
isoPropy! iodide 








CN'“CH,COOEt 
Cyanoacetic ester 


| >CN“CH(NHAc)COOEt 
Acetaminocyanoacetic ester (6) 
| 





| | | 


t ’ , 
NH,(CH,),!*CH(NH,)COOH NH,(CH,),;'*CH(NH,)COOH p-HOC,H,CH,"*CH(NH,)COOH 
[a-'4C]-Lysine (6) [a-!4C]-Ornithine (6) [a-'*C]-Tyrosine (6) 
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1. Nature of the Hazards 


The radiations emitted by radioactive isotopes present a 
potential health hazard to the user in two ways, namely, 
from external radiation by 8 and y rays and from <-, 8- or 
y-emitting substances becoming fixed in the body after 
inhalation, ingestion or absorption through the skin or cuts. 

With closed sources, for example, radium and radon seeds, 
the hazard is from direct radiation only, usually by y and 
sometimes by § rays. Since the intensity can be readily 
measured, the exposures of workers are comparatively easily 
controlled. When, however, sources are manipulated in an 
open form, the possibility of entry into the body also arises, 
and many isotopes are dangerous in this respect in minute 
quantities. This hazard is all the more serious as it may be 
extremely difficult to follow or check until damage has been 
done. Apart from accidental spills, the most likely cause of 
dangerous amounts getting into the body arises from the 
spread of contamination on apparatus, working surfaces and 
hands. Such contamination is objectionable, not only 
because of the health hazard, but also because it can be the 
cause of ruining experiments—as, for example, when a 
specimen prepared for final counting becomes contamin- 
ated with a small proportion of the total activity used in the 
experiment. 

Although serious injury can result to the user when radio- 
active isotopes are handled without due care, it is possible to 
work safely by correct handling and the provision of proper 
laboratory facilities. In general, the careful control of spread 
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of contamination will go a long way towards eliminating 
hazards to health. 


2. Units 


The unit of radioactivity most commonly used is the curie 
(c.), adopted by the International Union of Physics and Chem- 
istry, which was originally defined as the quantity of radon in 
radioactive equilibrium with 1 g. of radium. It has now been 
officially extended to include that quantity of any radioactive 
isotope which disintegrates at the rate of 3.7 x 10" dis- 
integrations/sec. Commonly used submultiples are the milli- 
curie (mc.) and microcurie (uc.). 

The réntgen (r.) is a unit of radiological dose, which is defined 
as that quantity of x or 7 radiation such that the associated 
corpuscular emission per 0.001293 g. of air produces, in air, 
ions carrying one electrostatic unit of quantity of electricity 
of either sign. A convenient submultiple is the millir6ntgen 
(mr.). By definition the rdéntgen is limited to x and y 
radiation, and extension to other types of radiations has been 
made by the introduction by L. H. Gray! of the ** energy- 
unit’? and by H. M. Parker of the réntgen-equivalent- 
physical (rep). The r6ntgen produces an energy absorption 
in water or tissue of about 93 ergs/g., and the energy-unit 
or rep is that quantity of radiation by other than x or y 
rays which produces an absorption of energy equivalent to 
that from 1 r. of x or y rays. Another unit which is some- 
times used is the réntgen-equivalent-man (rem). This is 
intended to take into account the relative biological effective- 
ness of different radiations in producing damage to tissue 
and is defined as the amount of energy absorbed in tissue 
which is biologically equivalent to | r. of x or y rays. 

It should be noted that these units of radiological dose are 
units of quantity. For the purpose of assessing the hazard 
it is more convenient to record the level of radiation, and 
hence measurements are usually made with instruments 
which show dose rate in terms of quantity per unit time, for 
example, rontgens per 8 hours or millir6ntgens per hour. 


3. Maximum Permissible Doses 


The International Commission on Radiological Protection 
held in London in July 1950 adopted safety standards which, 
in view of the limited experience of the effects of radiation, 
are to be kept continually under review. It was strongly 
recommended that every effort should be made to keep 
exposures to all types of ionizing radiations to the lowest 
possible level. The recommendations as to maximum 
permissible doses were, in brief, as follows. 


a. External Radiation 

No individual should be exposed for an indefinite period to 
irradiation of the whole body by x or y rays, of quantum 
energy less than 3 MeV, in excess of 0.5 r. per week measured 
at the surface of the body. In the case of high energy 8 rays 
the maximum permissible exposure was fixed at 1.5 rep per 
week. For exposure of the hands and forearms to x, y and 
8 radiation the maximum permissible level (m.p.l.) was set 
at 1.5 r. or 1.5 rep per week. 


b. Internal Radiation 


* The Commission did not feel that there was sufficient 
information to make firm recommendations for maximum 


2 See Gray, p. 115 of this Bulletin. 
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TABLE I. MAXIMUM PERMISSIBLE EXPOSURES TO RADIOACTIVE ISOTOPES 





90Sr 


— (+ *Y) 


239Py 89Sr 


210P5 3H 


14C 
(as CO, is 
in air) 


60Co 





M.p.1.* in body (uc.) 0.04 2.0 1.0 


Effective mean life (days) 104 5,000 


Permissible daily deposi- 
tion in body (uc.) . 





Proportion absorbed via 
lungs and retained in 
body 


M.p.l. in air (uc./ml.) 

Proportion retained from 
gut. . ° 
M.p.|. in liquid media 
(uc./ml.), ; : ; 














0.005 





| x 104 0.3 
(0.18 in 

thyroid) 
10 12 


0,015 
(to 
thyroid) 
0.2 
(to 


thyroid) 
3x io- 


| | 0.2 











0.4 x lo-*)2 x 10-*11 x 10-913 x 1-5 








* M.p.l. = maximum permissible level 


This table is reproduced from the British Journal of Radiology (see International Commission on Radiological Protection, 1951). 


permissible exposures to internal radiations, but brought to 
the notice of users the values for certain isotopes currently 
used in Great Britain and North America. These are repro- 
duced in Table I. It is emphasized that these values refer to 
workers occupationally exposed to radioactive materials and 
regularly subject to medical examination. 


4. Monitoring of Personnel 


Apart from periodical medical examination, including 
expert examination of the hands, and blood counts on people 
exposed to significant levels of radiation, some method of 
keeping a regular check on external exposure is required for 
operators working with $- and y-emitting materials in 
appreciable quantity (say, greater than | mc.). 

This is conveniently done by means of film badges worn on 
the outside of the clothing and containing small $- and y- 
sensitive films. Additional films can be worn at the wrist or 
on the finger to check hand exposure. The film is normally 
partly covered by a thin layer (about 0.02 in.)? of lead, which 
is sufficient to absorb 8 rays and so enables 8 exposure to be 
distinguished from y radiation. The lead shield also has the 
advantage that it evens out the response of the film to x and 
y radiation over a wide range of energies. The badge has to 
be collected and replaced by a new one at intervals, normally 
weekly or fortnightly, and after development of the film the 
blackening is measured and compared with films exposed to 
standard amounts of radiation. In this way a record of the 
exposure of the wearer is available for permanent reference. 
A film badge service is provided in Great Britain by the 
National Physical Laboratory, Teddington, Middlesex. Alter- 
natively, large concerns may find it convenient to run their 
own service. 

For people working with y sources larger than, say, 10 mc., 
in such a way that the permissible dose rate may be inter- 


* Lin. = 2.54 cm. 
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mittently exceeded, it may be desirable to obtain an immediate 
indication of the dose of radiation received. Pocket ioniza- 
tion chambers either of the condenser chamber type or, for 
direct reading, of the quartz-fibre electroscope type, are 
useful in such cases. 


5. Monitoring of Working Areas 
a. Geiger and Scintillation Probe Monitors 


It is necessary to have, at all levels, an instrument which is 
sufficiently sensitive to detect contamination whose uncon- 
trolled spread might interfere with the work or produce a 
health hazard. This instrument can conveniently be a 
mains-operated counting-rate meter with visual and/or aural 
indication, fitted with a flexible probe. For 8-y monitoring 
the probe usually consists of a Geiger counter on a flex, the 
wall or window being sufficiently thin to admit the 8 radiation 
of the contaminant expected. For « monitoring an a- 
scintillation probe is substituted for the Geiger counter. An 
a-8-y-contamination monitor, M.O.S. Type 1021, is shown 
in fig. 1 ; the accessories include a thin end-window counter 
for detecting soft 8 radiation. 

A Geiger counter instrument is not entirely satisfactory for 
measuring $8 and y dose rates, as it does not give a direct 
indication of the radiation level in terms of quantity per unit 
time. Thus, the response of the counter will depend upon its 
sensitivity to the radiation getting in, the absorption of 
radiation in the wall or window, and the solid angle subtended 
by the effective counting area from the source. A typical 
cylindrical glass counter has a sensitivity to 1 MeV y photons 
of only about 0.5%. It is likely to approach 100% efficiency 
for 8 particles which actually enter the counting volume, but 
if the glass wall has a thickness of 40 mg./cm.?, it will 
absorb all 8 particles of less than 0.2 MeV maximum energy 
and 50% of those of maximum energy of 1 MeV. A 15 
mg./cm.? aluminium window will absorb all 8 radiation 
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FIG. 1. M.O.S. TYPE 1021 CONTAMINATION MONITOR, 
SHOWING (A) a-SCINTILLATION PROBE, (B) 
END-WINDOW 6B COUNTER AND (C) STAN- 
DARD £6-Y PROBE 


Crown copys: sgnt 


below 0.1 MeV (max.) and 50% at 0.5 MeV (max.), and a 5 
mg./cm.? window 50% at 0.2 MeV (max.). Nevertheless, with 
a knowledge of these factors, together with data on the 
fluxes equivalent to maximum permissible dose rates, it is 
possible to interpret with reasonable accuracy the read- 
ings of Geiger-counter instruments in terms of radiation 
levels. Thus up to, say, the millicurie level, the one instru- 
ment can be used for both contamination checking and 
rough radiation measurements. For this purpose, it is 
useful to know that the fluxes of 8 and y radiations, each of 
energy 1 MeV, which are approximately equivalent to an 
exposure of 12.5 mr./hr. (i.e., 0.5 r./week of 40 working hours) 
are 80 8 particles/cm.?/sec. and 6,600 y-ray photons/cm.?/sec. 


5. Ion Chamber Instruments 


The general background in all working areas should be 
kept below the maximum permissible level, and where greater 
than millicurie amounts of 8-y emitters are in use, a portable 
electronic dose-rate meter should be available. This is usually 
a battery-operated instrument comprising an ionization 
chamber and valve electrometer, reading directly in mr./hr. 
By incorporation of an exposable thin window in the ion 
chamber, the meter can be made sensitive to 8 as well as to y 
radiation. A typical instrument, the M.O.S. Type 1043 
monitor, is illustrated in fig. 2. It should be noted that the 
sensitivity of such a monitor is not usually sufficient for it to 
be used to control the spread of contamination. 


c. Dust Monitors 


An additional requirement, if the possibility of inhaling 
radioactive dusts is present, is an air sampling and counting 
device. In cases where the isotope is one of the most danger- 
ous, such as radium used as an open source, it may be desirable 
to install continuously operating dust-samplers. For most 
purposes, however, a portable sampling unit, which can be 
based on a modified vacuum cleaner, drawing air through an 


efficient filter paper, will suffice. The activity on the filter 
paper, after the natural radon and thoron disintegration 
products have been allowed to decay, is counted, and the 
concentration of radioactive dust in the atmosphere calculated 
from the volume of air sampled. Table I, showing the 
permissible concentrations of different isotopes in air, can be 
used to calculate what volume of air must be sampled to give 
a reasonable filter-paper count. For some « emitters the 
sampling times may need to be very long, but for most of the 
B-y-active isotopes commonly used in medical applications 
sampling for a few minutes at about 300 |./min. gives sufficient 
accuracy. A suitable portable dust-sampling instrument, 
M.O.S. Type 1195, is shown in fig. 3. 


6. Permissible Contamination Levels 


The decision as to what contamination levels on working 
surfaces can safely be tolerated depends upon the nature of 
the isotope. With « emitters the ingestion and absorption 
hazards can be serious, but they are controlled by proper 
handling techniques. The upper limits are therefore fixed by 
the need to prevent dangerous amounts becoming air-borne 
and so inhaled. The actual permissible count will vary with 
the instrument used, but on the M.O.S. Type 1021 monitor 
the contamination of walls, benches, protective clothing and 
other surfaces in the open laboratory by radium should not 
exceed 5 counts/sec. on the x probe. In the case of 6-y 
emitters the limit is set by the external radiation to the hand or 
body surface in contact with the activity, and no area of 
contamination in the open laboratory should give more than 
40 counts/sec. on the M.O.S. Type 1021 8-y probe. 

Inside fume cupboards these figures might be raised to 100 
counts/sec. for radium and 400 counts/sec. for 8-y emitters, 
provided adequate precautions are taken against direct 
exposure of the worker. 


7. Design and Lay-Out of Laboratories 


a. General Considerations 


The elaborateness of the accommodation depends upon the 
nature and amount of the isotope involved. As a rough 


FIG. 2. M.O.S. TYPE 1043 B-y RADIATION MONITOR 
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FIG. 3. M.O.S. TYPE 1195 DUST MONITOR 
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classification the use of the commoner isotopes in medical 
and biochemical laboratories may be divided according to 
three levels of activity (see section 7b). 

Whatever the quantity of radioisotope used, however, the 
control of health and contamination hazards can be greatly 
facilitated by the adoption of certain fundamental principles. 
Thus it is desirable that work in any laboratory be confined 
to one level of activity. A separate counting room, shielded 
if necessary, should be provided, together with washing, 
monitoring and, above the “ tracer ”’ level, facilities for chang- 
ing clothes appropriate to the degree of potential contamina- 
tion. The laboratory should contain a minimum of furniture, 
books, etc., and of handles to touch, and hence swing-doors 
and push-taps should be fitted. For radiochemical work ade- 
quate floor space should be allowed, and 200 sq. ft. per man 
is reasonable.* The floor should be capable of easy cleaning, 
decontamination and replacement; waxed linoleum has been 
used successfully. Untreated absorbent materials, such as 
wood and concrete, should be avoided. Chlorinated-rubber 
paints have been found useful for covering concrete floors 
where mechanical strength is important; alternatively, 
commercially available tiles may be used, the greater capital 
outlay being offset by the lower costs of maintenance. Wall 
and other surface finishes should be hard and glossy for ease 
of decontamination and resistance to reagent attack; in this 
respect phenol-formaldehyde, melamine and vinyl plastics, 
chlorinated-rubber paints and silicones have proved satis- 
factory. 

For a radioisotope programme in a hospital, the work 
should be segregated into special rooms, and a typical suite 
might consist of a source preparation room with shielded 
storage area, an administration room, a clinical laboratory 
and a counting room. Whenever convenient, the patient 
should be brought to the isotope suite for administration and 
uptake measurement rather than the isotope taken into the 
ward. 


b. Special Requirements 
i. “ Tracer” level 
At the “ tracer” level (up to 10 uc.), very little is required 
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beyond good ventilation, adequate fume-cupboard accom- 
modation of the ordinary chemical type, and easily cleaned 
surfaces. Although it should be noted that the presence of 
1 uc. of some isotopes in the body is undesirable, with normal 
care no health hazard should arise. On the other hand, it 
must be remembered that 0.1% of 1 uc. is equivalent to 37 
disintegrations/sec., so that the need for adequate control of 
the spread of contamination, if counting is not to be upset, is 
obvious. 


ii. “* Warm” level 

At the intermediate (or ‘‘ warm ”’) level (10 uc. to 1 mc.), a 
potential hazard from ingestion and a _ correspondingly 
greater risk of contamination are encountered, but the stage 
has not been reached where external total body irradiation 
has to be considered as an important factor. By far the 
cheapest and most satisfactory way to control contamination 
is to conduct as much work as possible within closed “* glove- 
boxes,” fitted with remote-control apparatus, such as tongs, 
to avoid over-exposure of the hands. These glove-boxes 
miay be quite simple, the size and design depending very much 
upon the operation to be performed. They may be of wood 
or metal, with a glass or Perspex window, or alternatively the 
whole box may be of Perspex. The joints should be tight, 
so that a slightly reduced pressure (about 25 mm. of water) can 
be maintained inside by means of a small exhaust pump. The 
extracted air is passed through an efficient filter and led into a 
normal fume cupboard exhaust or suitable stack. Glove- 
ports are fitted, incorporating easy-change facilities, and an 
important feature is the side- or “* posting ’’-box to enable 
samples and apparatus to be put in or taken out without 
letting contamination out of the box. A typical glove-box, 
suitable for work with « and 8 emitters and with y emitters at 
this level, is illustrated in fig. 4. 

The great advantage of glove-boxes, apart from the obvious 
one of confining contamination within a totally enclosed 
space, is that the air supply is small and easily dealt with 
compared with the usual fume-cupboard system, where 
normal practice in radioactive work requires several fume 
cupboards per man, each with a generous air flow to prevent 
escape of activity into the laboratory. 


FIG. 4. GLOVE-BOX FOR USE WITH a- AND G-ACTIVE 
ISOTOPES AND WITH y EMITTERS UP TO THE 
MILLICURIE LEVEL 
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FIG. 5. EXAMPLES OF SIMPLE REMOTE-HANDLING 
DEVICES 
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Nevertheless, it may not always be possible to do all 
** warm ”’ operations in glove-boxes, and orthodox techniques 
will then require some modifications when applied to 
radioactive work. In the absence of glove-boxes, generous 
fume-cupboard accommodation is the main requirement. 
All manipulative work above the microcurie level should be 
confined to the fume cupboards, but as an additional pre- 
caution steps should be taken to prevent contamination of the 
laboratory bench and other surfaces. These, if wooden, 
should be polished and protected from spills by covering with, 
e.g., Polythene sheets or metal trays lined with absorbent 
material; alternatively, sheets of bituminized paper or of 
cellophan topped with ordinary brown paper can be used 
as expendable covers. In the laboratory, services should be 
enclosed to eliminate dust-retaining surfaces; adequate 
space should be provided in an activity-free area for storing 
monitoring apparatus, rubber gloves and protective clothing; 
automatic equipment, e.g., piston-operated pipettes and 
rubber-bulb wash bottles, should be readily accessible to 
remove the temptation to put things into the mouth. Remote- 
handling devices, such as tongs, should be provided on a 
generous scale. At the “‘ warm” level these devices are relatively 
simple, and typical examples are shown in fig. 5. 

The fume cupboards themselves should be carefully 
designed. Stainless steel and lacquers that can be stripped 
have been used extensively for the inside surfaces, but a hard, 
glossy finish, such as a chlorinated-rubber paint, may be 
adequate and is less expensive. Controls to services should 
be brought outside and, as far as possible, be designed on the 
elbow- or knee-push system to obviate handling. A metal 
tray lined with absorbent material, e.g., blotting-paper, 
should cover the base and be of depth sufficient that in the 
event of a spill the whole volume of the active solution is 
retained. Operations should be conducted in such a way as 
to minimize the production of aerosols, and surface heaters 
should be used for evaporation, rather than Bunsen burners 
or hot-plates. An air flow of the order of 100 linear ft./min. 
across the open working-space is desirable, and the absence 
of back draughts into the laboratory should be checked with 
a smoke generator. 
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iii. “* Semi-hot”’ level 

At the “‘semi-hot ” level (1 mc. to 100 mc.) the hazards 
from ingestion and inhalation increase, and the precautions 
must be correspondingly greater. With « emitters the prob- 
lem of shielding from external radiation does not arise, and 
with “‘ pure” @ emitters the shielding need not be massive. 
With y emitters at this level, however, the shielding require- 
ments may be considerable. Lead is commonly employed, 
and concrete walls are useful. The principle of close shielding 
of sources rather than attempting to provide extensive shielding 
of the individual should be followed. The bulk of the sources, 
including active residues, should be stored as far as possible 
from the working and counting areas to minimize the amount 
of shielding required. Sources should be shielded above and, 
if necessary, below as well as on all sides, and this may 
require a large amount of lead or other heavy material; 
hence floors may have to be stronger than usual. Temporary 
lead walls are conveniently made from interlocking lead 
bricks, a method which reduces the danger of cracks in the 
wall and maintains stability and ease of erection and dis- 
mantling. 

Glove-boxes may require massive shielding, and the remote- 
handling apparatus then becomes more complicated. Auto- 
matic tongs and holders of apparatus, fitted with interchange- 
able heads, may be mounted in a ball-joint working in a 
socket in the lead wall (fig. 6). For direct vision, lead-glass 
windows can be inserted into lead-brick walls. Fume cup- 
boards may need to be strengthened to carry the necessary 
amount of lead. 

Where it is impossible to retain the bulk of the y activity in 
a central, well-shielded storage area and it has to be located 
in the working area, the need for an integrating monitor may 
arise. This may be a portable, battery-operated instrument 
indicating integrated y dose only, or a more elaborate mains- 
operated instrument giving meter indication of dose rate 
as well as integrated dose and provided with alarm bells 
which ring if a predetermined dose rate is exceeded or 
if the integrated dose reaches the permissible amount for 
one day. 


FIG. 6. REMOTE-HANDLING DEVICE WITH BALL-JOINT 
FOR USE IN LEAD-BRICK WALLS 
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TABLE Il. ABSORPTION OF 6 RAYS BY MATTER 


Equivalent 
thickness of 


Isotope B-Ray (Mev) (max.) Range (mg./cm.*) 
water (mm.) 





< , 30 0.3 
33P ; 800 8 


8. Shielding 
a. & Radiation 
The hazard from external radiation by « particles is 
negligible. With ‘“‘ pure”’ 8 emitters the rays are not very 
penetrating and the amount of shielding required to absorb 
all the radiation can be calculated from N. Feather’s empirical 
formula, which is valid for 6 rays of maximum energy not less 
than 0.7 MeV: 
R = 0.543E — 0.160 


where R is the range expressed in g./cm.? of the absorber and 
E is the maximum energy in MeV of the £ particles. 

For typical isotopes the amounts of shielding required to 
absorb completely the 8 radiations are shown in Table II. 

It should be remembered that the absorption of # radiation 
is accompanied by the production of Bremsstrahlung, a con- 
tinuous x radiation, but the quantity of such secondary 
radiation becomes important only when large sources, 
approaching the curie level, are involved. 


b. > Radiation 

For y emitters of energy between 0.3 and 3 MeV the dose- 
rate (D) in mr./hr. at a distance of d cm. from a point source 
can be calculated approximately from the formula: 

5.6 S x E x 103 
- Fi 
where S is the source strength in mc. and E the total energy 
in MeV of the y radiation per disintegration. Typical values 
for commonly used isotopes are given in Table III. 


D 


TABLE Ill. DOSE RATE (mr./hr.) FROM 1 mc. OF y-RAY- 


EMITTING ISOTOPES 


Dose rate from | mc. 


Isotope Y-Ray energy (MeV) (mr./hr. at | m.) 


este. 0.367, 0.080 2 
“Co 1.10, 1.30 3 
24Na 1.36, 2.76 


To reduce radiation levels advantage should be taken of 
the inverse square law; from a point source of y radiation the 
intensity varies inversely with the square of the distance from 
the source, and hence doubling the distance reduces the 
intensity by a factor of four, and so on. With y sources 
upwards of I mc., however, the protection afforded by distance 
alone is limited and massive shields may have to be employed. 
In general, the heavier the shielding material the greater the 
attenuation of y rays, and for this reason lead is commonly 
used. The degree of attenuation depends to some extent 
upon the energy of the radiation and the geometry of the 
source, but as a rough approximation it may be taken that the 
intensity is reduced to one-half by 4 in. of lead at 0.5 MeV 
y radiation, by } in. of lead at 0.8 MeV and 4 in. of lead at 1.5 
MeV. At 0.8 MeV the relative thicknesses of iron, aluminium 
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(or concrete) and water giving the same reduction as a given 
thickness of lead are 2, 6 and 13.5. These data are useful to 
obtain an indication of the amount of shielding required in any 
particular case, but the radiation level should be checked by 
measurement outside the shielding. 


9. General Precautions 


Gloves should always be worn when open sources are being 
handled, and in addition special care should be taken to 
protect any cut or abrasion of the skin. Surgical rubber 
gloves are adequate, provided the inside surfaces be kept 
free from contamination; surgical technique should be followed 
for putting onand removingthem. They should be kept clean 
by frequent washing and always washed before removal. 
Gloves afford little protection against hard @ and y radiation, 
and such sources should be handled with tongs or other 
remote-handling devices. In cases where there is no danger 
of damaging the gloved hands by touching containers (for 
example, where the radiation is completely absorbed by the 
walls of the vessel and hence tongs are not required), extensive 
use should be made of paper tissues. These serve to keep 
contamination off the gloves and to prevent the transfer of 
activity on to articles which have to be touched. A bin with 
a foot-operated lid should be provided for immediate dis- 
posal of used tissues. 

Protective coats should always be worn in the active area, 
and special shoes are useful to prevent the spread of contamina- 
tion into inactive areas. This protective clothing should 
invariably be put on and taken off at the entrance to the 
active area. It should be regularly checked for contamina- 
tion, and if active it should be washed in the laboratory 
rather than sent to an outside laundry. Efficient respirators 
should be available in case of an accident or ‘‘ mopping-up ” 
operation involving a breathing hazard. 

Smoking, eating and the putting of anything into the mouth 
should be prohibited. Double containers should be used for 
storing sources and conveying them from place to place. No 
contaminated article should ever be laid down upon a bench 
surface; special trayscan be provided for such items as pipettes, 
stirring-rods, etc. Even small spills should be immediately 
cleaned upand the area checked for removal of contamination. 

Before the active area is left, the hands should be washed 
thoroughly with plenty of soap and a soft brush and then 
monitored for residual activity. If spots of activity are 
suspected or detected on the hands it is a good plan to clean 
these areas first. Stubborn contamination can be attacked 
by appropriate agents for the isotope concerned. Titanium 
dioxide paste, freshly prepared, or a saturated solution of 
potassium permanganate followed by a rinse with 5% sodium 
bisulphite, may be effective, but in all cases the reagent should 
be thoroughly rinsed off with fresh water. Hand contami- 
nation which persists after these treatments is not likely to 
present an ingestion hazard, but to prevent damage to the 
skin by local radiation it is desirable that the count should 
never exceed about 40 counts/sec. on any area of the skin 
when monitored by a (-y probe-unit of the type described 
(fig. 1). Finger-nails should be kept short to facilitate 
decontamination. 

It should be an invariable rule that a complete ** dummy ” 
run with inactive materials is carried out before any manipu- 
lation of large open radioactive sources is undertaken. In 
this way, unexpected difficulties may be shown up and the 
procedure modified to eliminate them. 








10. Disposal of Waste 
a. Liquid Wastes 

Liquid wastes are most easily handled if kept concentrated 
and every effort should be made to avoid unnecessary dilution. 
Active waste solutions and washings should be placed in 
special bottles or carboys and these may need to be shielded. 
Where large volumes are essential it may be necessary to 
build delay tanks and, if this is so, expense may be kept down 
by arranging for the waste from a selected sink or sinks to go 
to the delay tanks, while inactive waste from the rest of the 
laboratory is run to the normal drains. In this case pre- 
cautions are required to prevent activity in any quantity from 
getting into the normal sewage system. 

As yet no regulations have been issued in this country under 
the Radioactive Substances Act, 1948, to cover the final 
disposal of active wastes, and the only completely safe method 
is to store them until the activity has decayed, wherever this 
is possible. Thus, with ‘I, 9*P and *4Na the half-lives are 
reasonably short and this solution may be feasible. With 
long-lived isotopes, however, it may prove embarrassing, and 
with 8-y emitters no hazard should arise from the disposal of 
small quantities by flushing down the normal sewage disposal 
system in alkaline solution. It is expected that regulations 
will be introduced in due course requiring isotope users to 
regulate discharges so that the concentration in the town 
sewage will be less than the drinking-water tolerance for the 
isotope concerned. In the meantime the following principles 
are useful as a guide. For 8-active isotopes of long half-life, 
which are absorbed and retained in specific organs, and for all 
long-lived y emitters, the quantity per flush should not exceed 
5 uc. and the total per week should not exceed 50 uc. from 
any one institution. The corresponding figures for many 
« emitters would be significantly lower than these. For the 
less hazardous $-y emitters, however, the figures might be 
increased to 100 uc. per flush and | mc. per week. Regular 
checks should be made with a contamination monitor to 
ensure that activity does not accumulate at any point in the 
waste system, owing to settling out or to adsorption on the 
inside surfaces of the pipes. 

If larger quantities of active wastes than these are accumul- 
ated, the materials should be stored in a safe container, 
shielded if necessary, until arrangements can be made for 
disposal. For this reason it is desirable to concentrate the 
activity in as small a volume as possible, and with liquid 
wastes it may often be precipitated or concentrated by 
evaporation. 


b. Solid Wastes 

Combustible solid waste should be kept separate from 
non-combustible matter so that it can be concentrated by 
burning, care being taken that the exhaust gases are taken 
well clear of buildings and do not contain hazardous amounts 
of active materials (see section 10c). Small amounts of 
6-y-active furnace ash and other insoluble solid waste, e.g., 
contaminated glassware (which should be broken up to 
discourage salvage), may be removed by the ordinary sanitary 
authorities without undue hazard. Pending the issue of 
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regulations, the radiation level close to such wastes should be 
kept below 50 mr./8 hr., and the total activity should not 
exceed 5 uc. in one load for the more hazardous £ and y 
emitters and 100 uc. in one load for the other 8-y isotopes. 


c. Gaseous Wastes 


Gaseous wastes, such as the flue gases from an incinerator 
and the extracted air from active fume cupboards, should be 
free from hazardous amounts of activity and may require 
filtering before release into the atmosphere. As is the case 
with liquid and solid wastes, there are at present no regulations 
to define the quantities of gaseous radioactive materials 
which may be disseminated from a stack or other exhaust 
system, and users must be prepared to comply with any such 
regulations as may be issued in the future. It is possible, 
however, to give some guidance as to what amounts may 
be released from different types of outlets—provided that 
particles which are likely to settle out in the neighbourhood 
have been removed—so as not to constitute a breathing 
hazard to people down-wind. 

For example, as long as the stack height is at least 10 m. 
above the top of any building within 200 m. down-wind, the 
emission into a slight wind of about 10 mc. of ®Sr spread 
evenly over a period of 24 hours should not give rise to a 
breathing hazard. This assumes the absence of appreciable 
eddy-currents, which should be checked by smoke dissemina- 
tion experiments. In the intermediate case where a tall 
stack cannot be constructed, but the building is reasonably 
isolated, some reliance can be placed on the dilution effect in 
a horizontal plane, and if the nearest building down-wind is 
50 m. away, about | mc. of *°Sr may be released evenly over 
24 hours. At the other end of the scale comes the orthodox 
laboratory in which the fume-cupboard exhaust is taken 
through the wall in the vicinity of a window: if the worst 
conditions are assumed, where much of the gaseous activity 
re-enters the same laboratory or another of medium size in 
which a few air-changes occur per hour, the permissible 
steady release of *°Sr is about 1 uc. over 24 hours. 

Some relaxation of these figures is permissible for {-y 
emitters less hazardous than *°Sr, which has been selected for 
the purpose of example as the (-y isotope presenting the 
worst breathing hazard. Corresponding figures for the more 
dangerous « emitters would be proportionately lower. 
Moreover, apart from the breathing hazard, the question 
may also arise as to the possibility of long-lived 8-y activity 
being deposited in areas where the background reading should 
be kept low, and each case must be treated on its merits. 

From these data, however, it is possible to obtain an idea 
as to the stack and filter requirements which must be taken 
as a minimum for any particular operation, provided the 
amount which becomes air-borne can be assessed or measured. 
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The most convenient and cheapest method of producing 
radioisotopes is by bombardment of a suitable target material 
with neutrons inside a nuclear reactor. Practically all medi- 
cally important radioisotopes can be produced in such a way. 
There are, however, some exceptions, in which the target 
material must be bombarded with deuterons or protons in a 
cyclotron, or, in cases when a (y, n) reaction yields the right 
isotope, the target material is most conveniently irradiated in 
the linear accelerator. In the present paper, only isotopes 
prepared in nuclear reactors are described, since in effect all 
isotopes used in medicine at present are prepared in this way. 

From the production point of view, radioisotopes can be 
divided into two groups, those which can and those which 
cannot be enriched chemically after irradiation. For isotopes 
belonging to the first group it is important that the activity 
per gram of material (that is, the specific activity) is high enough 
so that the isotope can be used for the purpose envisaged. This 
specific activity is a function of the neutron flux, the irradiation 
time, the half-life of the isotope and the excitation cross- 
section. The irradiation time should generally not extend 
beyond a month or so and all the other factors mentioned 
are constants except the neutron flux. The maximum neutron 
flux is different for each nuclear reactor and the flux varies 
widely inside each reactor. The Canadian pile (at Chalk 
River, Ontario) has the highest maximum neutron flux, with 
4 x 10" neutrons/cm.?/sec. The same figure for the Harwell 
nuclear reactor (BEPO) is 8 x 101! neutrons/cm.?/sec. This 
flux is big enough for practically all purposes except perhaps 
the preparation of telecurie sources with very high specific 
activity. The medically important isotopes, **P and }*1I, are 
both prepared by transmutation of sulphur and tellurium 
respectively and are extracted chemically after the target 
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material has been irradiated. The specific activity of these 
two isotopes can, therefore, be made as high as desired. 

The irradiations at Harwell are carried out in standard 
aluminium cans which have a volume of 30 ml., an internal 
diameter of 2.28 cm., and an internal length of 6.60cm. Bigger 
containers can be used, but it is difficult to place them in a 
position in the pile where the neutron flux is high. The 
target material has to be suitable for irradiation, which means 
that no decomposition of the material should occur through 
irradiation, and if a liquid (usually enclosed in a silica ampoule) 
is used, the vapour pressure at elevated temperatures must not, 
of course, burst the ampoule. It is our special endeavour to 
place the target material in a neutron flux such as to give the 
specific activity desired by the user. In estimating the 
specific activity, the term “ pile factor ” has been introduced. 
The pile runs usually for about 140 hours per week, but not 
always at constant power. Pile factor 1 is the neutron flux of 
1 x 10'! neutrons/cm.?/sec. if the pile runs at average power 
for 140 hours per week. Variations in running time and power 
are usually within 25%. The specific activity obtainable can 
be calculated therefore within this margin, excluding any 
self-absorption in the target material and any depression of 
the slow neutron flux which might occur from the target 
material or from the neighbouring samples. In general, we 
try to avoid such shielding by carefully allocating the space in 
the pile. The self-shielding might be a very important factor, 
however, for all elements which havea high neutron absorption. 
It has been measured, for example, that insertion of a cobalt 
cylinder of the dimensions of 12 « 12 mm. reduces the slow 
neutron flux by about 50%. 

Some details will now be given for those radioisotopes 
which are mainly used for medical research, diagnosis and 
therapy. More details can be found in Radioactive materials 
and stable isotopes (Atomic Energy Research Establishment, 
1950). It may be added that labelling of both organic and 
inorganic compounds with radioisotopes by chemical syn- 
theses is carried out at the Radiochemical Centre, Amersham. ' 


198 Au 
Half-life: 2.69 days 
Radiation (MeV) 


80.27 0.96 
y 0.411 (2% stronger) 


This isotope is used for the treatment of certain types of 
carcinoma.” The particle size of gold that is best for each 


1 See also Grove & Catch, p. 234 of this Bulietin. 
2 See Walton & Sinclair, p. 165 of this Bulletin. 
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treatment is still under discussion. So far at Harwell, only 
colloidal gold has been prepared, but some users have sent 
in gold-covered graphite particles of a known size which have 
been irradiated in the pile and then used in a suspension 
for treatment. The colloidal gold is usually dispensed in 
ampoules containing 100 ml. of solution and with a maximum 
activity of 300 mc. The solution is sterilized. 


Br 
Half-life: 35 hours 
Radiation (MeV) 


6 0.447 0.323 0.181 
y 1.321 1.036 and weaker 


This isotope* is usually prepared by the irradiation of either 
ammonium bromide or calcium bromide. The maximum 
specific activity is 140 mc./g. 


uC 
Half-life: ~~ 6,000 years 
Radiation (MeV) 
8 0.155 


4C in the form of BaCOg, or incorporated into organic 
compounds, is available from the Radiochemical Centre, 
Amersham.‘ © 
Co 
Half-life: 5.25 years 
Radiation (MeV) 


8 0.308 
y 1.1715 1.3316 


This isotope® is of great importance owing to its hard y rays 
(1.1 and 1.3 MeV) and its relatively high specific activity, 
which can be achieved by irradiation of cobalt in the pile. 
For medical purposes it has been prepared in all shapes and 
forms of foil, wires and cylinders of different activities. 

A large number of cylinders 12 x 12 mm. are being 
irradiated and will be available during 1952. Each such 
cylinder will have an activity of between 15 and 40 curies and 
a somewhat higher activity the following year. They will be 
used as sources in telecurie units. 

Irradiated rods or wires of cobalt, for surface or interstitial 
therapy, can be made to order. A stock of pure cobalt wire, 
rods and foils is kept which can be cut to the desired lengths 
and irradiated to give the desired activity. In spite of what 
has been reported in the literature, thin pure cobalt wire is 
very flexible, so that the thinner gauges may be bent or shaped 
to produce special radiation field patterns. Usual activities 
for each rod range from | to about 20 mc., and orders should 
be given in millicuries rather than radium equivalent. To 
absorb the @ radiation from the cobalt some shielding is 
necessary. Shielding may be done by inserting the cobalt 
into gold, nickel or stainless steel tubing which may be in the 
form of needles. 


Fe 
Half-life: 47 days 


Radiation (MeV) 
8B 0.46 0.26 
¥t2 43 


* For therapeutic application, see Walton & Sinclair, p. 158 of this Bulletin. 

* See also Grove & Catch, p. 234 of this Bulletin. 

* For biological and biochemical applications, see articles elsewhere in this 
Bulletin by Kornberg & Krebs (p. 206), Lester Smith (p. 203), Neuberger 
(p. 210), McFarlane (p. 213), Popjak (p. 218). 

* For some tracer applications see Lester Smith, p. 203 of this Bulletin. 


Until recently this isotope was not available separated from 
the longer-lived **Fe. Microcurie amounts practically free of 
55Fe, and with very small amounts of carrier, are being pro- 
duced at present. 

131] 
Half-life: 8.0 days 
Radiation (MeV) 
8 0.605 0.250 
y 0.637 0.363 and weaker 


At present the iodine is prepared by separation from 
tellurium which has been irradiated in the pile. It is expected 
that within a year the iodine will be prepared by separation 
from fission products. At present it is supplied in the chemical 
form of iodide ion together with some sodium and sodium 
sulphate. The amount of carrier present is roughly 5 wg./mce. 
The solutions have a pH of 7-9 and contain approximately 
5 mc./ml. A spectroscopic analysis is sent with each iodine 
shipment, as in the case of phosphorus. Both iodine and 
phosphorus are usually available from stock and orders can 
be dispensed within a few hours.’ 


1925r 
Half-life: 75 days 
Radiation (MeV) 
8 0.59 
y (12 y rays) 0.19 — 0.615 


This isotope has been used in bombs for external radiation 
of carcinomas. Concentrical iridium cylinders have been 
used as a y-ray source for teletherapeutic purposes. One such 
source, described by Freundlich, Haybittle & Quick (1950), 
delivered a dose of 11 r./min. at 8 cm. f.s.d. The preparation 
of sources stronger than this, however, is possible. Irradia- 
tions are in progress for other units of this type which may, 
however, be inconvenient for use outside the United Kingdom 
Owing to the relatively short life of the isotope. 


24Na 
Half-life: 15.0 hours 
Radiation (MeV) 
8B 1.39 
y 2.76 1.38 


The target material for the production of this isotope is 
usually NaCO, or NaCl. If the chloride is irradiated, a 
number of other radioisotopes will be present, such as very 
small traces of **Cl and **S. If the sodium is impure, then of 
course traces of potassium activity (*#K) will be present also. 
The maximum specific activity is 100 mc./g., which is much 
higher than necessary for the preparation of saline solutions 
with specific activities high enough for clinical use.® 


32p 
Half-life: 14.3 days 
Radiation (MeV) 
8 1.70 


Radiophosphorus® is separated chemically from sulphur 
irradiated in the nuclear reactor. It is prepared either carrier- 
free, as orthophosphoric acid, in an acid solution of pH 1-4, 





7 Various uses of ™'I are discussed in articles elsewhere in this Bulletin by 
Belcher et al. (p. 172), Gross & Pitt-Rivers (p. 136), Myant (p. 141), Ralston 
Paterson et al. (p. 154), Wayne et al. (p. 148), Wormall (p. 223). 

* See articles elsewhere in this Bulletin by Barron & Veall (p. 197), McGirr 
(p. 192), Payling Wright (p. 187), Walton & Sinclair (p. 158). 

* See articles elsewhere in this Bulletin by Pelc & Howard (p. 132), Reeve 
(p. 181), Lester Smith (p. 203), Wormall (p. 223). 
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or, for purposes of injection, in physiological saline of pH 7 
with the addition of 100 wg. of carrier phosphorus/ml. The 
latter solution is sterilized. Being a separated isotope it can, 
of course, be produced with a very high specific activity; it is 
usually dispensed in activities up to 30 mc./ml. Each batch 
of radiophosphorus processed is analyzed spectroscopically 
and a report of the analysis is sent with the shipments. 

For the treatment of superficial lesions, phosphorus can be 
incorporated into a plastic applicator and then irradiated in 
the pile, as has been done recently. 


35g 
Half-life: 87 days 
Radiation (MeV) 
8 0.167 


This isotope’® is prepared as a separated isotope in solution 
as sulphate ion. The solution usually contains small amounts 
of sodium chloride and is of pH 1-2. The amount of carrier 
sulphate present should generally not exceed 100ug./ml. Itcan 
be supplied at an activity of 15 mc./ml. in ampoules which are 
sterilized. 

a * * 


A number of pure $ emitters in addition to **P have been 
used for the treatment of surface lesions, the most important 





© See articles elsewhere in this Bulletin by Pelc & Howard (p. 132), Wormall 
(p. 223), Grove & Catch (p. 234), Lester Smith (p. 203). 
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being strontium 90 with its daughter yttrium 90, and cerium 
144 with its daughter praseodymium 144. They can all be 
put in any special form desired by the user. 

The transport of radioisotopes is relatively easy. Most of 
them are sent by air. The pure @ emitters like phosphorus, 
strontium and cerium need no special lead protection. 
Gamma-emitting isotopes are placed in lead containers which 
are either in the middle of a wooden box or of a wicker 
basket. The maximum amount which can be placed in such a 
container depends on the energy of the y radiation and varies 
from isotope to isotope. 

Only the medically most important isotopes have been 
mentioned, but quite a number of others have also been 
frepared. Radioisotopes not listed here can be made on 
request, provided they can be produced by neutron bombard- 
ment. Conditions and details of ordering are given in the 
Catalogue No. 2 (Atomic Energy Research Establishment, 
1950). The Isotope Division at Harwell and the Radio- 
chemical Centre at Amersham are trying to fulfil exactly the 
users’ requirements in respect of specific activity and of the 
physical and chemical details of the isotopes. The Isotope 
Division at Harwell alone is making between 800 and 1,000 
shipments of radioisotopes each month to 28 countries. 
Even short-lived isotopes, like *4Na with a half-life of 14.8 
hours, are sent regularly to countries as far away as South 
Africa. There is nowadays no difficulty in ordering, supplying 
and transporting isotopes to any part of the world. 


Freundlich, H. F., Haybittle, J. L. & Quick, R. S. (1950) Acta 
radiol., Stockh. 34, 115 
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MEDICAL LIBRARIES OF GREAT 
BRITAIN 


II. Medical Libraries of Scotland * 


L. JOLLEY M.A. 


Librarian, Royal College of Physicians 
Edinburgh 


It was in the early eighteenth century that Scotland became 
an international centre of medical teaching. The establish- 
ment of medical libraries in Scotland preceded the flowering 
of the Scottish medical school by less than half a century. 
Earlier libraries had possessed collections of medical books 
but the first purely medical library was established in 1681. 


Royal College of Physicians of Edinburgh 


On St Andrew’s day in 1681 the Royal College of Physicians 
of Edinburgh received its first charter from Charles II. His 
father and his grandfather had both planned to establish a 
College of Physicians in the capital of Scotland but their 
efforts had been frustrated by the combined efforts of the 
clergy and the surgeons. The surgeons of Edinburgh had 
formed an Incorporation since 1505 and in Glasgow the 
Faculty of Physicians and Surgeons had received a charter in 
1598. But both these ancient corporations had in their 
earliest years more of the character of a trade guild than of a 
learned body and it was not till many years after its establish- 
ment that either body started to assemble a library. The 
physicians began to create a library immediately their College 


* The first paper in this series, ‘‘ Some London Libraries”, by W. J. Bishop, 
appeared in British Medical Bulletin, 7, 335. Further articles on medical 
libraries elsewhere in Great Britain will appear in forthcoming numbers. 


HISTORY 
DOCUMENTATION 


came into being and the library became at once what it has 
remained ever since—one of the foremost of their activities 
and the chief burden on their income. Sir Robert Sibbald 
had been one of the chief actors in securing the Royal Charter 
and his is the first name in the earliest lists of donations. In 
1681 he presented to the College 100 volumes, mainly works in 
medicine and the allied sciences. Most of the books he gave 
are still on the shelves of the library, which has since main- 
tained an uninterrupted and, on the whole, uneventful 
existence. Sir Robert’s gift was rapidly followed by others. 
The earliest catalogue, a manuscript volume of some hundred 
pages, combines the functions of a catalogue and a register of 
donations and shows that by 1705 a considerable collection 
of books had been got together. The founding of the 
library clearly aroused widespread interest and gifts are 
recorded from men eminent in both science and affairs not 
only in Scotland and England but also on the Continent. 
Amongst these early benefactors can be mentioned Bishop 
Burnet, Sir Hans Sloane, Sir Isaac Newton and George, 
Earl of Cromartie. The last mentioned gave to the library 
five volumes of alchemical manuscripts and a vellum roll 
outlining the procedure for discovering the philosopher’s 
stone. It is remarkable that these manuscripts should be 
accepted for inclusion in a small medical library. It is also 
notable that they had formerly belonged to Napier of Mer- 
chiston, the inventor of logarithms. One of the great objects 
of the College was the drawing up of a new and improved 
pharmacopoeia and amongst the treasures preserved from 
the earliest days is a copy of the first edition (1699) of the 
Edinburgh Pharmacopoeia. Only two copies are known, 
both in the possession of the College. 

The College had few sources of revenue but it spent lavishly 
on books and was aided by the generosity of its Fellows. 
Dr Halket and Dr Campbell, for example, both gave £25 
sterling for the purchase of books, a considerable sum in 
those days when the union of Scottish and English parlia- 
ments had completed the impoverishment of Scotland. Not 
only the major works of the past but the transitory pamphlets 
of the present were carefully collected. Soon after its founda- 
tion the College was violently divided by a controversy over 
the treatment of fevers. Sir Robert Sibbald, the father of 
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the library, and Archibald Pitcairne, one of the first librarians, 
found themselves on opposite sides. Feeling ran so high that 
one mecting turned into a riot and the town officers were 
called in to remove Pitcairne’s supporters. It is perhaps 
remarkable that whilst the controversy was at its bitterest the 
often scurrilous pamphlets in which each side attacked the 
other were impartially collected and preserved in the library. 

In 1704 the College first acquired a Hall of its own. A 
permanent repository was now found for its library but the 
pressure of books on accommodation was so great that the 
practice developed of weeding out all duplicates and books 
unsuitable for a medical library. It is impossible to trace 
without keen regret the history of the rare and valuable 
works which were in this way lost to the library. The regret 
must at the same time be tempered by the recognition that 
this policy, which was continued throughout the eighteenth 
century, contributed a good deal to the strength of the 
library: unlike some old medical libraries, the Library of the 
College of Physicians contains little which is not medical and 
scientific. In 1705 the first library committee was appointed. 
Sir Robert Sibbald, Drs Smelholm, Riddell and Lutfutt, with 
the President, Censors and Library Keeper, were appointed 
curators and overseers of the library. Throughout the eight- 
eenth century it grew steadily. Many gifts were received— 
the most notable being the library of John Drummond, 
President of the College 1722-27, of which a special catalogue 
was printed—and purchases were steadily made. In a letter 
to William Hunter, who was anxious to obtain some books at 
a forthcoming sale, William Cullen warns him that the College 
of Physicians are determined to secure all the important 
works. At Cullen’s own death, £100 was spent on purchase 
of books from his library. For a period just after the middle 
of the century the dilapidated state of the old Hal! caused 
concern over the state of the books and permission was 
secured from the managers of the Royal Infirmary to house 
them temporarily in an unused part of that building. In 
1781 the new Hall in George Street was occupied and the 
dangers of uncertain housing came to an end. In 1846 the 
College moved to the present Hall in Queen Street. One of 
the chief considerations in designing this new Hall was to 
provide adequate accommodation for the library, but books 
have a habit of outrunning architects and in 1864 arrange- 
ments had to be made for increased library space. Further 
enlargements followed in 1875 and 1922 and the problem is 
one which has again become most pressing. 

The first printed catalogue was issued in 1767, a duodecimo 
of 91 pages recording 2,346 titles. This was followed by a 
handsome 455-page octavo in 1793, containing about three 
times as many entries. A 37-page appendix was issued in 
1821. In 1849 a new catalogue was printed and this was 
tollowed by a series of three supplements until in 1898 
appeared the last printed catalogue, compiled by Mr J. 
Matheson Shaw. Although technically at times imperfect 
it is a remarkable piece of work for one man to have carried 
through unaided. It still contains the record of the larger 
part of the earlier works and is a guide to medical literature 
which deserves to be better known. Since 1898 the catalogue 
has been kept up to date on cards. 

It would be impossible to chronicle all the important 
accessions of the eighteenth and the nineteenth centuries. 
All the eminent physicians of the Edinburgh medical school 
were Fellows of the College and duly presented their works to 
the library, which in consequence possesses examples of the 
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classics of Scottish medicine in copies inscribed by the authors. 
The great mass of manuscript material demands more atten- 
tion. The library possesses over 600 volumes of manu- 
scripts. A few date from the seventeenth century and earlier 
but for the most part they come from the eighteenth century 
and cover the customary range of case history, lecture notes 
and commonplace books. All the early physicians made 
compendiums for their own use. The library possesses the 
notebooks of Sir Robert Sibbald and Archibald Pitcairne, 
amongst others. Outstanding amongst such collections are 
the notebooks of Sir John Pringle, which he presented to the 
College in 1781 on the condition that they should never be 
published and never be allowed out of the building. The 
four volumes of exquisitely neat notes which Sir Robert 
Christison kept of John Gregory’s lectures are one of the best 
examples of the many volumes of students’ notes. The 
most valuable of all the manuscripts are the 29 volumes of 
Cullen’s consultation letters. Cullen was consulted by 
physicians from all over Great Britain—including on one 
occasion Dr Samuel Johnson’s physicians. He kept copies of 
all the letters he sent and these present an unrivalled picture 
of the best eighteenth-century medical practice. 

There are two non-medical manuscripts of importance. 
One is a fifteenth-century copy of the Cursor mundi which 
was received with John Drummond’s books. The other is 
the original manuscript, in a rather worn exercise book, of 
John Brown’s Rab and his friends. John Brown was librarian 
of the College from 1848 to 1858. A manuscript in a class of 
its own is a volume containing Pieter Camper’s original 
drawings for Smellie’s obstetrical plates. 

In the more modern section of the library pride of place is 
taken by the periodicals. Amongst the gifts received in 
1681 was a set of the Philosophical Transactions, and the 
library is rich in the earlier British medical periodicals. 
With the great development of periodical literature in the 
nineteenth century the range widened enormously, and the 
library owes much to the energy and enthusiasm of the 
library committee of those years, which, as each new periodical 
of value appeared, saw that it was added to the library. The 
result is a very rich collection of British, Continental and 
American periodicals reaching back in most cases to the 
first issue. At the present time the library receives more than 
400 periodicals. 

The Library of the Royal College of Physicians combines 
a well-maintained modern library with a rich historical 
collection. But the special interest of this historical collec- 
tion is that it is merely the residue of the modern library of the 
past. Of the 16 medical incunabula on the shelves, only the 
very fine editio princeps of Celsus’s De re medicina was 
purchased as a historical rarity. The rare books are on the 
shelves because they were the working books of the past and 
this is true not only of the seventeenth- and eighteenth- 
century books but even of the very numerous sixteenth- 
century works. The special attraction of the library is that 
for nearly 300 years it has carried out the same function for 
the same class of reader. 


Royal College of Surgeons of Edinburgh 


The Royal College of Surgeons of Edinburgh received its 
Royal Charter and present title in 1778 but its history goes 
back unbroken to 1505, when the barbers and surgeons were 
enrolled amongst the Incorporated Crafts of the Burgh of 








Edinburgh. In the seventeenth century the Incorporation of 
Barber-Surgeons undertook the teaching of anatomy to its 
apprentices and this led to the institution of a library and a 
museum. It is not certain when the first books were acquired 
by the Incorporation. When the new Hall at Surgeons’ 
Square was occupied in 1696, provision was made for the 
housing of books along with the “‘ rarities ’’ which formed the 
nucleus of a museum. It would seem reasonable to take 
1696 as the date of the founding of the library. A large 
number of books was presented to the Incorporation in that 
year and three years later the following advertisement appeared 
in the Edinburgh Gazette: 

These are to give notice that the Chirurgeon Apothecaries of 
Edinburgh are erecting a Library of Physicall, Anatomicall, 
Chirurgicall, Botanicall, Pharmaceuticall, and other Curious 
books. They are also making a collection of all natural and 
artificial curiosities . . . 

The advertisement concludes with an appeal to anyone 
possessing such books or curiosities to give or sell them to the 
College. 

The conjunction of books and curiosities shows how the 
museum and the library were regarded as one. An early 
record of a donation to the library reads: 

James Hamilton—Four books also a large eel skin stuft and 
taken in Cramond Water. A pair of tenailes incisive and a pair 
of tenailes for drawing of teeth. 

The scope of the library is well indicated by the advertise- 
ment in the Edinburgh Gazette and in addition there was the 
usual sprinkling of non-medical works. Mr Lawrence 
Oliphant, for example, presented Culpeper’s ‘* Herball ”’, 
Bacon’s Advancement of learning, and some sermons in 
Dutch. The surgeons also possessed “a fine english Bible 
and a french Bible with the Psalms ”’. 

Amongst the early librarians of the Incorporation was 
Alexander Monro primus who was “ Library Keeper ” from 
1719 to 1728. During his term of office the library was 
enriched by the donation of some two hundred volumes from 
Thomas Kincaid. In 1764, however, the library and the 
museum both ceased to exist. The surgeons were then in con- 
siderable financial difficulties and had to rent their premises. 
They were therefore hard pressed for space in which to house 
their books and “‘curiosities”. At this same time the principal 
and some of the professors of the University were eager to 
unite the medical libraries of Edinburgh. In 1763 proposals 
were twice made to the Royal College of Physicians to 
unite their library with that of the University but the physi- 
cians rejected the proposal. The same proposal was made to 
the surgeons and accepted. It was agreed that from June 
1764 the surgeons’ books and museum became the property 
of the University and the surgeons received the right to the 
use of the University library upon payment of an annual 
contribution by the Incorporation of £5. It is not certain 
how large the library was before its transfer to the University. 
There exists in the University library at the end of a manu- 
script catalogue a list which bears no indication as to the 
origin of the books listed. The books themselves amount to 
some 325 volumes, mainly medical, but including two volumes 
of Dutch sermons. This at once recalls Lawrence Oliphant’s 
gift and it seems reasonably certain that this is the list of the 
surgeons’ books. If so, it is a much smaller collection than 
would have been expected from the records. It consists 
mainly of undated works of seventeenth-century authors, the 
only contemporary Edinburgh books being two works by 
Monro primus. Perhaps the library had been well culled 
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before its transfer. None of these books bears any mark of 
ownership. The only book in the University library with 
the surgeons’ name on it is a fine Elizabethan bible. 

The agreement had been made binding in perpetuity but 
early in the nineteenth century the University began to feel it 
had made an unsatisfactory arrangement. It was not sug- 
gested that their original library should be returned to the 
surgeons, to whom indeed it would have had no practical 
value, but various obstacles were placed in the way of members 
of the College making use of the University library. A long 
and involved dispute dragged on many years and it was not 
till 1887 that the surgeons finally ceased their contribution 
of £5 a year to the University library. But long before this 
they had begun again to build up a library of their own. In 
1834 this amounted to no more than 150 volumes but eleven 
years later the library received a gift of about one thousand 
books from the family of Dr John Abercrombie. The year 
1845 may therefore be taken as the real beginning of the 
present library of the College. Since then it has grown 
steadily and although the library is unfortunately of recent 
creation, compared with the corporation to which it belongs, 
it contains a good selection of sixteenth- and seventeenth- 
century works and most of the eighteenth-century classics. It 
has a small number of modern manuscripts, including notes of 
lectures by Lister. Primarily it is a modern working library 
and is confined, as far as practicable, to surgery. Its stock 
at present amounts to some 20,000 volumes, and 110 periodi- 
cals are taken. Fellows of the College alone have the right 
to use the library but permission to read is readily granted to 
any student who needs material which cannot be got elsewhere. 


Royal Medical Society 


The third medical library of Edinburgh is the library of the 
Royal Medical Society, the oldest medical society in Great 
Britain, which was formally instituted by ten students in 
1737 for reading and discussing essays on medicine and 
collateral sciences. Its members met weekly in various 
taverns. ‘‘ From a period at least as early as the year 1763 
the society was allowed by the Managers of the Royal Infirm- 
ary to hold their weekly meetings in an apartment of that 
hospital”. This, the 1820 historian of the Society explained, 
“enabled them to devote the money formerly employed in 
defraying the expenses of a Tavern for the preferable purposes 
of purchasing books”. The accumulation of a library— 
by 1778 they had 1,500 well-selected books—led to the need 
for a Hall of their own, which was opened in 1776. 

The library was developed with great care and enthusiasm. 
The laws of the Society published in 1820 lay down stringent 
rules for the library. A paid librarian and secretary—he 
received a salary of £100 a year—was maintained as well as a 
porter whose main task was to give out books in the library 
from 9 a.m. to 6 p.m. in term time and from 7 a.m. to 6 p.m. 
in vacation. Heavy fines were imposed for any breaches of 
regulations. The librarian was fined 6d. for each book 
which had been a week in the library and was not catalogued. 
He was also fined for any failure to “* collect and preserve the 
periodical publications’. A member was fined 2s. Od. for 
speaking in the library when another member was reading 
and he was fined 10s. 6d. if he removed a book more than 
three miles from Edinburgh. All books had to be marked 
with the name of the Society on the title-page and on the first 
page of the text before being placed on the shelves, and all 
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plates had to be stamped. A member borrowing a book 
with plates had to sign a special receipt for the plates. A 
library committee of seven was responsible for the library. 
They met every first and third Friday in the month and non- 
attenders were fined. Books were chosen by ballot and each 
member could speak only once about each book. 

Such regulations illustrate the importance given to the 
library and this is also brought out by the record of catalogues 
published. In 1820 it was stated that six editions of the 
catalogue had been printed. The earliest which then sur- 
vived was dated 1799. In 1837 the library possessed 12,000 
volumes and in the same year a Catalogue Raisonné was 
issued. This is one of the earliest classified catalogues of a 
medical library and the classification itself is of great interest. 
It was hoped that the catalogue would prove useful not only 
to the members of the Society but to the medical profession 
in general. Plans were laid for a subsequent edition which 
should also include papers from periodicals but this ambitious 
scheme was never realized. Throughout the nineteenth 
century the library was well maintained but with the great 
growth of medical literature it inevitably lost its character as a 
comprehensive modern library. The last printed catalogue 
was published in 1896. At the present moment the library 
is being carefully reorganized. It is planned to maintain it as 
a historical collection with a small library of modern refer- 
ence books. The long life of the library has left it many 
early and valuable books and one or two which are very rare. 
Chief among its rarities must be placed the Society’s own 
records. The minutes date from 1737 and the copies of 
dissertations from 1751. In these can be found a wealth of 
information about the early activities of famous men and an 
unrivalled picture of the emergence of modern medicine. 


Royal Faculty of Physicians and Surgeons of Glasgow 


Outside Edinburgh there are two historical medical libraries 
in Scotland: those of the Royal Faculty of Physicians and 
Surgeons of Glasgow and the Medico-Chirurgical Society of 
Aberdeen. The first of these was founded in 1598 at a time 
when Glasgow showed no signs of its future development 
and was inferior not only in status but in size to many other 
towns in the west of Scotland. For over a hundred years the 
Faculty remained a very small body and it was not till 1698 
that it acquired a Hall of its own. In the same year it began 
to assemble a library and the first list of donations is dated 
26 September 1698. Nearly sixty names of benefactors are 
recorded. These include members of the Faculty and their 
friends, medical authors from Scotland and England, and 
the Royal College of Physicians of Edinburgh, which gave its 
Pharmacopoeia. At this date the barbers still formed part 
of the Incorporation, and two barbers bring up the rear of the 
list. The first work presented was the fourth edition of the 
Chyrurgerie of Dr Peter Lowe, the founder of the Faculty. 
Amongst the books presented were many non-medical works 
—one of the two barbers’ gifts was A cape of grey hairs for a 
green head—but at some subsequent date these were weeded 
out and not even a Latin bible of 1532 presented by the Brother 
Germane to the Earl of Lauderdale was retained. A librar- 
ian appears to have been appointed from the beginning but 
down till 1755 he shared the two offices of Librarian and 
Collector. In 1741 the Faculty was much concerned over 
the loss of books from the library, for which the librarian was 
held accountable. ‘‘ Ane exact catalogue ’’ was compiled 
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and attested by the clerk at a full meeting of the Faculty. 
Five years later William Cullen and another member were 
given limited powers to purchase books. The library grew 
and in 1755 new presses were ordered; at the same time it was 
resolved to have the copy of Peter Lowe’s Chyrurgerie 
rebound and never to permit it to leave the building. Not 
that any books had much opportunity to leave the building. 
A resolution of 1768 appoints a library committee and also 
adds to the librarian’s duties that he shall attend at each 
monthly meeting to give out books. The library must have 
continued to be very small for in 1778 it was decided to print 
a catalogue at a cost of not more than £3. In 1762 a special 
library for apprentices was started. This appears to have 
continued to 1774, after which no more is heard of it. In 
1801 the library committee reported that the library was 
extremely deficient. The Faculty voted £300 to make good 
these deficiencies and the librarian was ordered to attend 
twice a month instead of once, to give out books. But up to 
1813 only £50 a year was spent on books. The first surviving 
printed catalogue was issued in 1817. Three years later it 
was estimated that there were 5,000 volumes in the library. 
A careful account showed that between 1733 and 1845 
£5,626 4s. 7d. had been spent on the library. Up till 1841 the 
library was restricted to lending. A reading room was first 
introduced in that year. 

A second printed catalogue was issued in 1842 and supple- 
ments appeared in 1861 and 1871. In 1880 it was decided to 
print a new catalogue. Attention was drawn to deficiencies 
in the stock and strenuous efforts were made to remedy these. 
While the catalogue was in preparation the library received 
the very valuable collection formed by Dr William Mackenzie, 
the distinguished ophthalmologist, and the preparation of the 
catalogue was delayed in order to incorporate these works. 
The catalogue appeared in 1885. It is a large volume of 830 
pages and takes the form of a catalogue of authors’ names 
with a subject index. A supplement of 525 pages in the same 
format and style appeared in 1901, thus illustrating the rate 
at which the library was growing. From that date the cata- 
logue has been continued on cards. In 1896 it was estimated 
that the library contained 40,000 volumes and since then it 
has more than doubled its size. Unlike the libraries of the 
two other Scottish medical corporations, it covers both 
medicine and surgery; 226 current journals are received and 
the library is open freely to all medical practitioners on 
the introduction of a Fellow and to all members of the Royal 
Medico-Chirurgical Society of Glasgow. 

Among the valuable works in the Faculty library the 
Faculty records themselves make an important part. The 
first minute-book of the Faculty covers the period June 1602 to 
September 1684. The library also contains the first minute- 
books of the three forerunners of the present Glasgow 
Medico-Chirurgical Society. Other important manuscripts 
include William Clift’s Account of John Hunter's establish- 
ment at Earl’s Court. This Account gives most valuable 
details about Hunter’s household and his financial affairs. 
It is also remarkable for its history as it found its way to 
Glasgow by way of West Africa. There are many manu- 
scripts of the founders of the Glasgow medical school, includ- 
ing Joseph Black, William Cullen and Robert Cleghorn, the 
first man to give clinical lectures in Glasgow. Robert Watt 
was a member of the Faculty and the library preserves the 
manuscript of his treatise on chin-cough. A collection of 
Lister’s letters is of great interest, and in particular one 
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which vindicates Glasgow's claims to be the first home of 
antiseptic surgery. The library is rich in early printed books 
and is particularly strong in ophthalmology and works of 
historical interest. Although an old library, it did not 
inherit a great number of rarities from its earliest days, but 
since the second half of the nineteenth century the library has 
been built up with great care and energy. Dr James Finlayson, 
the well-known medical historian, was Honorary Librarian 
for many years and established a tradition which has been 
maintained ever since. 
























































Medico-Chirurgical Society of Aberdeen 

The Medico-Chirurgical Society of Aberdeen was founded 
on the 14 December 1789 by James McGrigor, afterwards the 
distinguished Director-General of the Army Medical Depart- 
ment under the Duke of Wellington. It began as a students’ 
debating society with 11 members but gradually lost its 
undergraduate characteristics. A library was started in 
1791 with three volumes and in two years these had increased 
to 440. A Hall was opened in 1820. The library grew 
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steadily throughout the nineteenth century and contained 
about 7,000 books in 1910, when it was increased by a gift 
of some 3,000 volumes from Dr Angus Fraser. It is main- 
tained for the use of the members of the Society. The 
historical collection is large and important. As well as many 
rare sixteenth- and seventeenth-century works there is a very 
good collection of early Dutch medical theses. Curiously 
enough these contain the work of only one Scottish student. 
There are few non-medical works in the library but these 
include 197 volumes of Diderot’s encyclopaedia, among them 
a volume containing the debates of the National Assembly of 
1792, which is believed to be unique. There are 60 volumes of 
manuscripts. These include 13 volumes of exceptionally 
well-kept notes on lectures by Cullen, Gregory and Hunter, 
most carefully recorded and indexed by George French, 
afterwards a professor at Aberdeen. An important contri- 
bution to the history of the army medical services is to be 
found in the case records which Sir James McGrigor kept in 
the Peninsular war and afterwards presented to the Society, 
along with many valuable books. The minutes of the Society 
are preserved complete from 1789 and form an intimate 
record of the development of modern medicine and the rise 
of the Aberdeen medical school. 


Other Medical Collections 


Older than any of the specialized medical libraries are the 
medical collections in the great general libraries. The 
National Library of Scotland, as a deposit library, receives all 
modern British works. . The Advocates’ Library, from which 
it has descended, purchased a little medical literature but had 
no extensive collection and the library is not strong in general 
medicine. In its capacity as a national library, however, it 
collects all books which illustrate any aspects of Scottish 
thought and bibliography and in this way has acquired many 
rare medical books. It contains, for example, the only known 
copy of Gilbert Skeyne’s Breve description of the pest, the 
first medical work printed in Scotland. The National Library 
has also a very fine collection of Gaelic medical manuscripts 
(see fig. 1). 

Of the four Scottish Universities, Edinburgh was the first to 
organize a modern medical school, and Aberdeen boasts the 
oldest Chair of Medicine in Great Britain. It is not necessary 
to repeat the details of their modern libraries. Of earlier 
books Edinburgh has the largest collection. This includes 
16 Western mediaeval medical manuscripts. Three of these 
are of English or Scottish origin and two have very fine 
illuminated initials illustrating the various details of a doctor’s 
activities such as teaching, feeling a pulse, examining urine. 
There is an Arabic manuscript with remarkable anatomical 
diagrams and a Gaelic vade-mecum, which belonged to John 
MacBeath, one of a family of hereditary physicians. 

Modern manuscripts are numerous. Outstanding in 
interest are Monro’s and Cullen’s class-lists compiled by their 
own hands and throwing much light on many aspects of the 
medical curriculum. Other manuscripts include Pitcairne’s 
consultation letters, some Lister letters and many students’ 
notebooks. There are few medical incunabula but sixteenth-, 
seventeenth- and eighteenth-century works are very numer- 
ous. There is naturally much overlapping with the holdings 
of the College of Physicians, but the two libraries also supple- 
ment one another on many occasions. Their combined 
holdings give the student of the history of medicine a collec- 
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tion of material not easily rivalled elsewhere. Two catalogues 
of the medical books in Edinburgh University Library were 
issued in the eighteenth century: one, a duodecimo of 279 
pages, in 1773, and the other, an octavo of 408 pages, in 1798. 
These catalogues contain many analytical entries and include 
some works not very closely connected with medicine, but 
even when these allowances have been made the amount of 
the library resources devoted to medicine in the eighteenth 
century remains very high. A very useful list of M.D. 
theses was also issued in 1798. 


Glasgow University and the Hunterian Collection 


Glasgow University gave to William Cullen and Joseph 
Black their first opportunity, but its medical school did not 
become active till the end of the eighteenth century. This 
University would be poor in medical literature if it were not 
for the Hunterian Collection. William Hunter’s astounding 
activities as a collector have never received adequate recog- 
nition. He can challenge comparison with any of the great 
collectors, even though he had to earn the money he spent, 
and in addition to his practice gave great time to his researches. 
Not content with books, manuscripts, coins and pictures, he 
also assembled a pathological and anatomical museum. 
Frustrated in his attempts to found a medical school in 
London, he bequeathed all his collections to Glasgow. Two 
large catalogues record the books and manuscripts of the 
Hunterian Collection. The most numerous and indeed the 
most valuable works are of a non-medical character and this, 
together with the lack of a subject-index to the catalogues, 
has tended to obscure the great importance of the medical 
collections. These include Hunter’s own drawing for his 
Gravid uterus, his journal of attendance on Queen Charlotte, 
and what are claimed to be Vesalius’s original drawings. 
There are several fine Oriental and Western manuscripts on 
vellum, including two of John of Arderne’s and one of Richard 
Wendover’s, numerous medical incunabula and other rare 
printed books. English and Scottish medicine is not so well 
represented. It was the great classics which attracted Hunter 
and in these his collection has few rivals. 

King’s College, Aberdeen, founded in 1500, included 
amongst its teachers from the beginning a “ mediciner ”’. 
Many of the holders of this post regarded it purely as a sine- 
cure but its early occupants included such men as Robert 
Gray, who had an extensive practice in Aberdeen, and Gilbert 
Skeyne, author of the famous treatise on the plague. As a 
result the University Library is rich in early medical literature. 
Of its incunabula some twelve are medical. Many of the 
books have great interest because of their associations. 
Some belonged to Hector Boece, the first principal. One of 
these, the De triplici vita of Marsilius Ficinus, also belonged 
at one time to Robert Gray who has written on the blank 
pages his medical prescriptions and a list of the sources of his 
salary. Two notable gifts to the Library of Marischal 
College were the libraries of Duncan Liddel (1561-1613), a 
physician with a distinguished career on the Continent, and 
Alexander Reid (1580-1641), the physician to Charles I. 
Both these collections include numerous annotated works. 
Among these are Reid’s marked copy of the first edition of 
Harvey’s De motu cordis and his copy of the Compendium 
medicinae by Gilbert Anglicus which also bears Philemon 
Holland’s signature on the title-page. 

The University of St Andrews was late in establishing a 
professor of medicine. James Simson, the second professor, 
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left to the University the books which he and his more 
distinguished father had collected. Sir John Wedderburn of 
Gusford, who had been physician to Charles II, gave his books 
in 1679. They include literary and theological as well as 
medical works. The library has eight medical incunabula 
and a good selection of later works. 


* * * 


The present paper has given a sketch of the development 
of the medical libraries of Scotland and has described some 
of the historically interesting works they possess. This 
description has necessarily been imperfect and more has been 
omitted than included. The University of Edinburgh, for 
example, possesses one of the three known copies of the 
rarest of all the great bibliographical landmarks in the history 
of medicine—the Christianismi restitutio of Michael Servetus. 
Many other examples could be listed if there were space but 
such an account of the past should not obscure the present. 
It will have been noticed that, with one exception, all the 
libraries here described are as active now as they have ever 
been in the past. This is one of the special distinctions of the 
Scottish medical libraries. Scotland has for over two 
centuries attracted students of medicine from far beyond its 
own borders and this is reflected in its stores of medical litera- 
ture. It might be claimed that no other country has in its 
libraries so many medical books in proportion to its popula- 
tion. Users of the World list of scientific periodicals will be 
familiar with cases where very few files of a journal are recorded 
in Great Britain and two of these are in Edinburgh. Whether 
such bibliographical luxuriance is suited to present conditions 
is open to doubt. It remains, however, a tribute to the past 
and an opportunity for the future. 
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An appreciable amount of modern scientific literature on 
human nutrition is devoted to arguments as to what con- 
stitutes nutritional deficiency, what peculiarities of skin and 
hair may be “ stigmata ” of dietary faults, and how to define 
“‘ subclinical deficiency ”. Indulgence in such disputation is, 
we suspect, an extravagance engendered by the relative 
absence of less subtle problems in the form of patients—and 
populations—who are seriously malnourished. This is not 
to say that effects of nutritional differences are unimportant 
unless they are flamboyantly displayed, but it is something of a 
relief—as well as being definitely sobering—to consider real 
nutritional deficiency as portrayed in two recent publications* 
in the Special Report Series of the Medical Research Council: 
Deficiency diseases in Japanese prison camps‘ and Studies of 
undernutrition, Wuppertal, 1946-97. 

In good times, two-thirds of the total of human labour is 
expended, with indifferent success, to feed the world’s popula- 
tion. An enormous complexity of production, transportation 
and distribution is required to maintain even a tolerable diet 
for those who are not themselves primary food producers. It 
is not surprising, then, that any major dislocation of society 
quickly results in serious food shortages and famines or that, 
outside of favoured areas, the world has never lacked a supply 
of the victims of real nutritional deficiency. Until recent 
times, however, man has not been given to making dis- 
passionate analyses and measurements of the more vulgar 
forms of mass misery. For the curious scientist, there is not 
the challenge of an unknown aetiology; for the more mundane 
there is no ready market for his knowledge. Our knowledge 
of the results of starvation and malnutrition was very small 
until the First World War and was still meagre at the outbreak 
of the Second World War. 

Between the Wars, phenomenal discoveries had aroused wide 
interest in nutrition so that by 1939 there were many medical 
scientists and physicians who were eager—and some who 
were prepared—to examine and report on the characteristics of 
the severely undernourished victims furnished by the Second 
World War. A trickle of reports began during this War and 
soon after its close mounted to a flood which has only lately 
subsided. Now there have appeared these two new reports 
to revive interest and to add to the documentation of an era. 

Dean A. Smith and Michael F. A. Woodruff have put 





* For particulars, see p. 296. 
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together! the observations made by themselves and their 
colleagues during the years from 1942 until the end of the 
War in the Japanese military prison camp at Singapore and in 
the civilian internment camps at Singapore and Hong Kong. 
Some general facts of the situations in these and other camps 
run by the Japanese were available in scattered publications 
(for example, see references® *"*”**), but it is valuable to 
have this extensive account with the considered views of two 
men who have given much thought to the problems they 
encountered personally. 

It is interesting to compare this report with that of the 
Jewish doctors who recorded their findings as they starved in 
Warsaw in 1941-42'°. Both have the virtue of reporting 
studies made during, as contrasted with after, malnutrition. 
The situation in the Japanese camps was less desperate than 
in the Warsaw ghetto but it was shockingly bad. It might be 
more properly compared with that in the Western Netherlands 
in the spring of 19451! or in the German prisoner-of-war 
camp at Tost'*. But the real difference between these 
examples of European famine and the Japanese camps was 
in the character of the malnutrition. In the European areas 
the dominating shortage was that of calories and the results in 
the bodies and behaviour of the victims were those of a 
protracted deficit of energy. In the Japanese camps there 
was a serious but less extreme calorie deficiency together with 
complex deficiencies of vitamins and probably of proteins or 
certain amino-acids. 

Before the War there was no dearth of printed matter on 
vitamin deficiencies in the medical literature and textbooks, 
though scant space was devoted to starvation—and then it was 
confused with fasting. Accordingly, it might have been 
expected that the picture which unfolded in the Japanese 
camps would fall into some familiar pattern. Actually, these 
and previously reported findings in the Japanese camps 
occasioned great surprise; they show how incomplete and 
misleading may be the pictures of nutritional deficiency even 
in recent textbooks and monographs. Certainly the problems 
of the “ burning feet”? syndrome, nutritional amblyopia, 
genital dermatitis and what Smith and Woodruff call the 
““P syndrome” were unexpected though foreshadowed in 
older, but usually unread, field reports. But the importance 
of neurological manifestations had been demonstrated during 
the Spanish Civil War; they were described by Grande & 
Peraita‘* in a book mentioned neither by Smith & Woodruff 
nor by McCance. 

Smith and Woodruff and their colleagues had only the most 
primitive equipment and almost no facilities for controlled 
therapeutic experiments. They could answer relatively few of 
the questions that arose but their conscientious record of 
prolonged observations and their discernment of those 
questions afford a basis for much thought and work for the 
future. , 

The investigations of R. A. McCance and his nineteen 
collaborators are in great contrast. This team, made up 
largely of research experts, established a complete clinic and 
laboratory at Wuppertal, they had full co-operation from 
nearby hospitals and institutions, and they were in contact with 
their home libraries and laboratories by a short airplane flight. 
It was possible, then, to apply elaborate and newly developed 
methods. Their work began in 1946 and continued until 
1949; a few brief preliminary papers (for example, see 
references'* **) created anticipatory interest in the report 
which has now appeared, 
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The subjects studied at Wuppertal were mainly persons who 
applied for extra rations on the grounds of hunger oedema, 
similar persons found in nearby hospitals and institutions, 
and some other members of the community who were more 
normal. For the most part, only the presenting characteristics 
of these people were evaluated; but some experiments were 
made. For example, 19 men were allowed unlimited food for 
8 weeks and 21 women were given large supplements (1,190 
Calories daily) in a study of lactation. Moreover, the fact 
that researches of various types continued for several years 
in an area where food conditions were improving provided 
some dynamic quality to the study. It is only fair to say, 
however, that both the general plan of the work and the 
characteristics of the subject material available imposed 
severe limitations on the results of the investigations. 

The Wuppertal area had suffered from some food shortages 
for several years before the situation worsened and the 
scientific work began. But at no time was there a severe 
famine; starvation did not become a direct cause of death 
nor even, apparently, did it have much secondary effect on 
the general mortality rate. The worst undernutrition was in 
the older people who, as is always the case, were unable to 
fend for themselves like the more vigorous members of the 
community. These unfortunates formed a considerable 
proportion of the subjects studied but there is little analysis 
of age factors in the report, the findings for persons of all 
ages usually being grouped together in a single table or a 
single mean value. Nor was there clear separation of degrees 
of undernutrition. For that matter, beyond the impression 
that the most common denominator for the subjects might be the 
label “‘ moderate ” undernutrition, any specification of degree 
would be most uncertain. In a typical investigation, that on 
hepatic structure and function, there were 21 men, ranging 
in age from 24 to 71 years, who stated their weight losses to be 
from 2to55kg. At the time of examination the man who said 
he had lost 55 kg. was found to weigh 63 kg. and to be 175 cm. 
tall; as he was a 59-year-old booking clerk that figure would 
scarcely indicate serious undernutrition, even with allowance 
for grade 2 (ona scale of 5) oedema of the legs (see McCance 
& Widdowson’s contribution to this report, p. 15). It is our 
experience that almost all persons who have involuntarily 
become undernourished grossly exaggerate the losses of 
weight they have suffered; the Wuppertal subjects do not 
seem to be an exception. 

The general method of study at Wuppertal was to compare 
a small group of undernourished subjects with a control group 
selected to be free from nutritional defect. This allows very 
gross distinctions to appear. It should be noted that the 
range of “ normality ’’ for many human characteristics is 
much larger than is commonly appreciated and that drastic 
changes may occur in an individual within this range. For 
example, two individuals with haemoglobin values of 14 and 
17 g. are accepted as normals but a very different significance 
would be attached if a man with a value of 17 g. changed toa 
level of 14 g. 

If the objective is to discover and to define quantitatively 
the changes wrought by undernutrition, the ideal procedure 
is to study the same individuals before as well as after the 
new nutritional state has been established. Even this is 
insufficient if the dynamics of the change are to be understood; 
then continuing observations in the transition are necessary. 
These requirements can be met only in the completely con- 
trolled situation such as in the Minnesota experiment?’. 
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Failing this, undernourished people may be compared with 
persons who are, or are defined to be, “‘ normal” and with 
whom they are closely matched in all characteristics except 
those which reflect the nutriture. This might mean matching 
in sex, age, occupation or habits of physical activity, height, 
and previous state of health and nutrition, and, possibly, with 
attention also to body (skeletal) type and race. And the 
numbers in each group would have to be sufficient for the 
precision of statistical discrimination desired; this will 
depend, for each characteristic, on the homogeneity of each 
group and the reliability of the method proposed. Elsewhere 
we have discussed these problems of the definition of normality 
and the evaluation of departures from it'® 

There are, of course, other possible objectives for a research 
organization such as that which worked at Wuppertal. One 
might be to compare the local population with some other 
reference population. Such a comparison might have great 
practical importance as well as scientific interest, but it would 
require great care in sampling the populations and inevitably 
would demand rather large numbers of subjects. 

It is not easy to define the objectives at Wuppertal but they 
seem to have been various. One of them certainly was to 
describe, in quantitative terms, persons with famine oedema 
and to examine explanations for that oedema; comparisons 
of oedematous with non-oedematous, but not necessarily 
** normal **, persons dominate much of the report. There is 
a remarkably full review of ancient and early references on 
famine oedema but surprisingly little reference to recent 
publications. Similar lacunae in the references appear in 
many of the other chapters. In any case, the facts and con- 
clusions about famine oedema are in harmony with other 
recent publications’”***"”. Simple hypoproteinaemia or 
lowered colloid osmotic pressure in the plasma is not the 
answer,’ but consideration of the architecture of the tissue 
spaces helps to explain some of the salient features. 

The data make it clear, however, that the Wuppertal sub- 
jects conformed in many ways to the European pattern of 
undernutrition as described, for more advanced degrees, 
elsewhere (for example, see references’! }% 2.2! 2526), 
Hence the present data can be added to the general pool of 
knowledge about typical European famine where calorie 
deficiency overwhelmingly dominates the problem. Most of 
the Wuppertal findings merely confirm earlier reports. The 
items of new information are almost all of a negative nature 
but they are none the less useful. For example, it is well to 
have definite evidence, as provided in this report, that renal 
and hepatic function tests give essentially normal results in 
this type and degree of undernutrition. Some of the findings, 
however, cannot be accepted without great reservations on 
technical grounds. It is unwise to place much emphasis on 
circulatory studies made, without environmental control, in 
July and August. And the oral urea method used to estimate 
total body water will raise many eyebrows?’. 

These two latest publications add over 600 pages to a total 
of some seven or eight thousand pages of major original 
reports on famine and starvation published in the last five 
years. Together, this large literature is far more than a 
compendium of horror, or even a delineation of states of 
extreme nutritional deficiency, to be filed away for reluctant 
reference in possible future calamities. In the first place, 
starvation and severe malnutrition may not stalk the streets 
of the western world, but they occur, as a secondary result of 
disease and injury, in all of our cities, and their imminence 






































and presence unceasingly colour the lives of half the people 
in the world. In the second place, we think these numerous 
studies have made great additions to our understanding of 
human physiology and psychology as well as to the pathology 
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of inanition. As would be expected, they have revealed a host 
of new problems and the need for new approaches to the 
understanding of man. 
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Annotations & News 


DR A. DEWAR DUFF 


Since the last number of British Medical Bulletin went to press. 
Dr Dewar Duff has resigned his post of editor in order to join the 
editorial staff of Abstracts of World Medicine. He became assist- 
ant editor to Dr Howard-Jones in October 1947, and fifteen months 
later was appointed editor. The Bulletin, which had begun in a 
very small way in 1943, maintained under Dr Duff’s guidance the 
position of importance and influence which it had won. He set a 
high standard of editorial performance—from which he would 
countenance no falling off—and this his staff will endeavour to 
maintain. 

His late colleagues and all others who were associated with him 
in the British Council join in wishing him all success in his new 
appointment. 

W. P.M. 


FURTHER MEDICAL CONGRESSES 1952 


Australasian Medical Congress. Australasian Medical Congress, 
22-29 August, Melbourne. Secretariat: 426 Albert Street, East 
Melbourne, C.2, Victoria 


Biochemistry. The Second International Congress of Bio- 
chemistry will be held in Paris, 21-27 July (not 22-28 July as 
given in preliminary announcements). Chairman: Doyen René 
Fabre. Secretary of Organizing Committee: Professor Jean 
Courtoic, 2 avenue de |l’Observatoire, Paris, 6° 


Cardiology. First European Congress of Cardiology, 10-12 
September, London. Chairman: Sir John Parkinson. Secretary: 
Dr Shirley Smith, 122 Harley Street, London, W.1 


Obstetrics & Gynaecology. British Congress. of Obstetrics and 
Gynaecology, 8-11 July, Leeds. President: Professor Andrew 
Claye. Honorary Secretary: Mr B. Jeaffreson, Hospital for 
Women, Coventry Place, Leeds, 2 


Radiobiology. Joint Commission on Radiobiology of the 
International Council of Scientific Unions, September, Stockholm. 
Secretary: Professor F. J. M. Stratton, Gonville and Caius College, 
Cambridge 


Trypanosomiasis. Fourth Annual Meeting of the International 
Scientific Committee for Trypanosomiasis, August or September, 
probably to be held in Portuguese East Africa. Secretary: W. S. 
Bates, Esq., International Scientific Committee for Trypanoso- 
miasis Research, Colonial Office, The Church House, Great Smith 
Street, London, S.W.1 


Tuberculosis. Twelfth Conference of the International Union 
against Tuberculosis, August, Rio de Janeiro. Secretariat: Union 
Internationale contre la Tuberculose, 66 boulevard Saint Michel, 
Paris, 6° 


World Medical Association. Sixth General Assembly of the 
World Medical Association, October, Athens. Secretary-General: 
Dr Louis H. Bauer, F.A.C.P., World Medical Association, 2 East 
103rd Street, New York, 29, N.Y. 


ROYAL SOCIETY 


Professor E. D. Adrian, President of the Royal Society, announced 
at the anniversary meeting in November 1951 the award of a Royal 
Medal to Sir Howard Florey, F.R.S., for the distinguished contri- 
bution to pathology made by his studies of the function of mucin 
and by his work on penicillin and other antibiotics. 

Mr A. L. Hodgkin, F.R.S., has been appointed a Royal Society 
Research Professor from 1 January 1952. Mr Hodgkin will con- 
tinue to work at the University of Cambridge on the processes of 
excitation and conduction in nerve. 

Both Sir Howard Florey and Mr Hodgkin have contributed 
papers to previous numbers of the Bulletin. 
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FAVOURITE PRESCRIPTIONS 


Never before in the history of the world have powerful new 
remedies appeared so quickly as in the last 20 years, and those who 
are responsible for the care of the sick are sometimes dazzled by the 
exciting claims made on behalf of the newer pharmaceutical 
products. There are some who believe that anything which is new 
is almost certain to be better than anything which is old, and there 
is a danger that the old art of therapeutics will be forgotten because 
its doctrines cannot be proved by statistically significant methods. 
The excellent herbs which were known to our fathers have most of 
them vanished from the pharmacopoeia, and many of them were, 
no doubt, little more than picturesque aids to faith, but some of 
them must have been more than this. The recent surprising evidence 
of the effect of liquorice on water metabolism is an example of the 
danger of assuming that drugs with no known action are necessarily 
inert. 

In July 1950 the Practitioner published a symposium, Favourite 
prescriptions, which reminded us of some of the older remedies 
whose reputation depended on a long tradition of clinical observa- 
tion, and this symposium by ten experienced physicians has now 
been reissued in the form of a booklet.!_ The first article, by Lord 
Horder, is rich in anecdotes from the professional experience of a 
great physician. There is an article by Dr Hugh Barber on favourite 
prescriptions in general practice, which discusses such things as the 
treatment of dyspepsia and diarrhoea and the use of tonics and 
sedatives. There are articles on favourite prescriptions in pulmonary 
diseases, diseases of the nervous system, skin, ear, nose and throat, 
ophthalmology, surgery and physical medicine. The resulting book 
is not, of course, a textbook of therapeutics, but a readable collec- 
tion of practical hints by experienced doctors. Every medical man 
will find something here to help him in his practice, but he must not 
expect to find an answer to all his questions; it is hoped that he will 
not adopt all the picturesque anachronisms which are here set forth, 
— he will remember that some of the newer remedies are also 
useful. 

The prescriptions are written in English, which is a very good 
thing. Doses are given in grains and ounces, followed by the metric 
equivalents in brackets. It would have been a happy concession to 
the moderns, if the metric system could have been given pride of 
place, at least in the prescriptions for ointments. It is easier 
to remember the concentration of a drug in an ointment in terms 
of a percentage than in terms of the number of grains in an 
ounce. 

The final article, by Dr William Tegner, which did not appear in 
the Practitioner, and has been written specially for this book, urges 
doctors to collaborate more actively than some of them do with the 
physiotherapists, who have undertaken to work only under medical 
supervision. ‘* No self-respecting practitioner would diagnose 
* dyspepsia ’ and send his patient to a pharmacist with a prescrip- 
tion for ‘ drugs’; but unfortunately it is by no means unusuai for 
a practitioner to diagnose *‘ rheumatism ’ and send his patient to a 
physiotherapist for ‘ physiotherapy’”’. The article contains useful 
hints on how it is possible to do more than this, and is one of the 
best sections of an interesting booklet. 

J. H. G. 


PARS PRO TOTO 


Abbreviations are becoming increasingly common in medical 
literature and their multiplication must cause a certain amount of 
confusion, particularly to foreign readers. Abbreviations and 
symbols can be divided into two classes—those relating to recog- 
nized systems (such as the metric) used for defining units of length, 
weight, volume, etc., and those used to denote names of drugs, 
chemicals, societies, parts of the body, and so on. In the second 
category may be classed those sometimes invented by writers to 
save writing often-used terms in full. Some are very well known: 
others cause confusion in the mind of the reader. 

The problem of abbreviations, contractions and symbols has been 
considered by the Co-ordinating Committee on Abstracting and 
Indexing in the Medical Sciences, set up by UNESCO in 1948. 
There is a multiplicity of abstracting services, leading to much 
waste of money and duplication of effort. More than once in the 
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past the suggestion has been made that a central abstracting organi- 
zation should be set up at international level, with abstracters in all 
parts of the world co-operating to cover the whole field of scientific 
literature. One obstacle to this is the lack of agreement on abbrevia- 
tions. To a Continental reader cm. and ml. are immediately 
recognizable but such abbreviations as R.B.C. (for red blood cells), 
P.T.A.P. (for purified toxoid, aluminium phosphate precipitated), 
etc., are often incomprehensible. UNESCO’s Co-ordinating 
Committee has already given thought to the compilation of an 
agreed list of abbreviations and symbols for scientific terms used 
throughout the world. In a paper on the subject presented to the 
Committee', Mme M. Lwoff concludes that authors and editors 
would be well advised (i) to observe and insist on the observance of 
the recognized abbreviations of terms in common use ; (ii) to avoid 
the use of terminology other than that used in the metric system 
and its derivatives ; (iii) in posology to avoid abbreviations which 
may give rise to confusion (e.g. gr. for gram); (iv) to avoid using 
an abbreviation for any word not covered by a recognized system, 
without giving a clear definition of it at least once in the course of 
ba article ; and (v) in titles and summaries always to give words in 
ull. 

In Pars pro toto', Peyser has had the useful idea of compiling a 
list of abbreviations commonly used in medicine and the allied 
sciences by Danish, English, French, German, Italian, Spanish and 
Swedish writers; he has included abbreviations of Latin terms. 
Unfortunately many items will be confusing to British readers and 
some English abbreviations which one would expect to see are not 
included. For example, O.D. is interpreted as Oxford Dictionary 
and O.E.D. is not given. D.N.B. is said to refer to Diplomate of 
the National Board of Medical Examiners, and the Dictionary of 
national biography is not mentioned. F.R.S. is not given a place, 
and when we read that F.M.S. is the abbreviation for Fellow of the 
Medical Society we suspect that the author has put his own interpre- 
tation to some of the abbreviations which have come his way. If 
we follow his advice, Mt. Olympus would become membrana 
tympani Olympus ! 

It is easy to find fault with a pioneer work, and Pars pro toto is 
the first book of its kind. It does prove the value of some such work ; 
in less than 200 small pages it gives about 5,000 abbreviations and 
their meanings. As mentioned above, some of them will be in- 
comprehensible to the British reader or will have for him a different 
meaning from that given. Herr Peyser is to be congratulated on 
his industry in compiling a very useful book which ought to be in 
every scientific library in Europe and America. Subsequent 
editions will no doubt be called for, and if in these the author can 
have the advice of workers from the countries with which he deals 
Pars pro toto will become even more useful. 


se 


MEDICAL AND BIOLOGICAL ABSTRACTING 


The United Nations Educational, Scientific and Cultural Orga- 
nization (UNESCO) has recently published a Report' of the 
activities and meetings of a co-ordinating committee set up by it to 
discuss and make recommendations for the better co-ordination of 
abstracting in the medical and biological sciences. 

This committee was formed at the suggestion of the British 
Medical Association, when in 1946, while they themselves were 
preparing to issue Abstracts of World Medicine, they learned that a 
group of scientists in the Netherlands was arranging to start a 
similar abstracting service, Excerpta Medica, also in the English 
language. There then seemed to be a real risk of wasteful duplication. 
UNESCO indicated its willingness to help, and the committee met 
in December 1946, and continued to meet at intervals during the 
years 1947-49; short minutes of these meetings are included in the 
Report. An interesting and succinct survey of the preliminary work 
of the committee is given on pages 46-51 by Dr Hugh Clegg, 
Editor of the British Medical Journal, who was elected chairman of 
the co-ordinating committee. 

By 1949 the committee had added considerably to its numbers 
and now included representatives of medical library associations 
and of all the main abstracting services as well as representatives 
of the World Health and the Food and Agriculture Organizations 
of the United Nations. In June of that year a plenary meeting was 
held in Paris which was addressed by the Director-General of 
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UNESCO, and at which communications on various aspects of 
abstracting were read by experts in different fields. Though these 
papers reveal some startlingly diverse points of view, they are 
unanimous in urging the adoption of an internationally agreed form 
of standardization in the presentation of abstracts if abstracting 
journals are to provide a universally useful service, as clearly they 
should. The proposal, on p. 25 of the Report, by the [American] 
Medical Library Association, for an international abstracting 
service for biology and medicine is not, one gathers, appreciably 
nearer to implementation. The committee, however, have pub- 
lished an up-to-date world list of medical and biological journals 
(see below), and if they could add to this indispensable publication 
a really adequate polyglot dictionary of medical and biological 
terms they would earn the gratitude of all concerned in the handling 
and translation of world literature. 

UNESCO is of course not only, or not mainly, concerned with 
medical abstracting, but must look to the wider field of abstracting 
in all the sciences. Included in this Report, therefore, is the ** Final 
Act” of an International Conference on Science Abstracting, held 
also in Paris in June 1949. This immense problem cannot be dis- 
cussed here, but some idea of its size may be gathered from the fact 
that Professor Auger, Head of the Natural Sciences Section of 
UNESCO, has estimated that between one and two million scientific 
articles are published annually in 50,000 separate periodicals. As 
he remarked, Gutenberg, the inventor of printing, “* could never 
have foreseen such consequences from his invention.” a’ 


PERIODICA MEDICA MUNDI 


The world list of medical and biological journals, the preparation 
of which was entrusted to the Co-ordinating Committee on Abstract- 
ing and Indexing in the Medical and Biological Sciences set up by 
UNESCO, has now been published jointly by UNESCO and the 
World Health Organization, under the title of Periodica Medica 
Mundi (1951). . 

The arduous task of compilation has been capably carried out by 
Mr L. T. Morton of the staff of the British Medical Journal, under 
the general guidance, for different world regions, of Dr Hugh 
Clegg for the British Commonwealth and the USSR, Dr Sanford 
Larkey for North America, Dr M. W. Woerdemann for Europe, 
and the UNESCO Science Co-operation Offices for East and South 
Asia, the Middle East and Latin America. 

The result is a compact, good-looking, easily-handled volume, 
which nevertheless contains no fewer than 4,014 titles. Usefully 
included among these are some 500 journals, indicated by an 
asterisk, which are no longer current or which have changed their 
names, but to which reference may still be made in the literature. 
Besides purely medical and biological journals, the list also includes 
those dealing with pharmacology, odontology, and veterinary 
medicine. Each entry gives the full title of the journal, place of 
publication, the language or languages, when this is not apparent 
from the title, frequency of publication, symbols indicating by 
which of the main abstracting services the journal is scrutinized, 
and lastly the abbreviated title. Slavonic and Greek titles are 
preceded by a roman transliteration, and Oriental titles by an 
English translation. It was found quite impossible, however, to 
follow the World list of scientific periodicals in giving the main 
libraries in which the journals are to be found; this will be readily 
understood when it is recalled that, for example, the Bulletin de 
l'Institut Pasteur goes to over 500 libraries throughout the world. 
Users of the old World list (a new edition of which, incidentally, is 
promised for summer 1952) will find certain changes in the abbrevia- 
tions of some titles; these modifications have been made in agree- 
ment with the International Institute of Intellectual Co-operation 
and the International Organization for Standardization, and in 
most cases result in a gain in brevity without loss of clarity. A 
considerable number of new journals have, of course, appeared 
since the last edition of the World list in 1933. 

The volume is completed by two indexes, one of subjects and one 
of countries. The latter provides some interesting data for the 
statistically minded. For example, we find, as might have been 
expected, that the country publishing the largest number of journals 
is the USA (592); what is perhaps surprising, however, is that 
Italy stands second with 278, closely followed by France, Brazil, 
and Argentina in that order, and that Germany (187) and Great 
Britain (174) occupy the sixth and seventh places respectively. We 
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also learn that 36°% of the live journals listed appear in English, 
22% in Spanish, and 9% in French, so that these three languages 
cover nearly 70% of all writing in the medical and biological 
sciences. 

The compiler, the Committee, and the two United Nations 
Organizations concerned are to be congratulated on the appearance 
of this trim volume, which is assured of a warm welcome in all 
bibliographical and bibliotechnical circles. cae 


MEDICINE IN BRITAIN 


The 4th edition of Medicine in Britain has been published for the 
British Council by Longmans, Green & Co. (1951), price 2s. In it, 
Dr H. A. Clegg, editor of the British Medical Journal, describes 
medical organization and research in Britain today. The subjects 
touched on include the training of a doctor, industrial medicine, 
tropical medicine, nutrition, tuberculosis, cancer, and mental 
illness. As the National Health Service has come into operation 
since the previous edition was published in 1946, a section on the 
National Health Service Acts of 1946 and 1947, and a diagram show- 
ing the organization of the Service, have been incorporated. The 
book is illustrated with photographs of various hospitals and 
sanatoria in Britain, and there is a bibliography, chiefly concerned 
with the development of public health in Britain. 


EMPLOYMENT OF OLDER PEOPLE 


Older people and their employment was compiled in April 1951. 
The purpose of this survey was to assist the Ministry of Labour to 
formulate a policy aimed at increasing the number of older people in 
employment. 

In all, 1,950 men and 482 women between the ages of 55 and 74 
were interviewed. Percentages of these people in employment, 
both full- and part-time, and ages of retirement are given; and 
attitudes to employment are dealt with, in part I of the report. 
In part II the attitude of employers to the employment of older 
people is surveyed, representatives of 923 firms being interviewed 
for this purpose. Part III of the report (bound separately) describes 
some of the personal circumstances of older people and discusses 
how far these differ between those still in employment and others. 
One of the conclusions drawn is that there is in existence a fair 
amount of good-will towards the employment of older people, and 
that this is a pre-requisite for any campaign designed to increase the 
number of elderly workers. 

Copies of the report may be obtained from the Central Office of 
Information, price 10s. 


LEPROSY 


Recent advances in the treatment of leprosy are described by 
Rogers & Muir in an addendum! to their book Leprosy (John 
Wright, Bristol, 1945), which was reviewed in Brit. med. Bull. 1947, 
Vol. 4, p. 434. Since this work was published six years ago, much 
knowledge of the su!phone drugs has been gained and two deriva- 
tives of the group, promin and diasone, have come to be almost 
universally regarded as the most effective remedy for leprosy. In 
this addendum the history of the development of sulphones, the 
modes of administration, their toxic effects, and the dosage re- 
quired, are described. A few other drugs, e.g. streptomycin and 
thiosemicarbazone, which have recently been reported as thera- 
peutically effective, are mentioned. Finally, there is a list of 
references to the literature, many of them of recent date. 


NUTRITION IN GREECE 


Fierce fighting during the early years of the Second World War, 
followed by years of enemy occupation, brought Greece to the 
verge of starvation. Nutrition work in Greece (Rome, 1951) is the 
account of work carried out during the years 1947-50 by the 
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nutritionist attached to the Food and Agriculture Organization of 
the United Nations (FAO). The work accomplished and the back- 
ground against which it was carried out are described. The activities 
included (i) an assessment of food supplies and planning of food 
production; (ii) the development of supplementary feeding for 
special sections of the population; (iii) the education of the people 
in better habits of diet, and (iv) the training of local workers. 

_ The emphasis in the nutrition programme was on the satisfactory 
distribution of imported foods, particularly dried milk, and circu- 
lars stressing the importance of dried milk were prepared for public 
distribution and for the use of government personnel. It is pointed 
out that there would be much in common between the approach 
adopted in Greece and that which would be foilowed by workers 
undertaking technical assistance in other countries, although in most 
other countries a greater emphasis would be put on the need for 
local production of food. FAO shares with the World Health 
Organization the responsibility of helping governments to improve 
the nutrition of their peoples and the author of this report hopes 


that the work described ‘* has helped to sow the seeds for future 
development.” 


NEW JOURNALS 


GREAT BRITAIN 


Volume 1, no. 1, of the Transactions of the Association of Industrial 
Medical Officers (London) appeared in April 1951. The aim of this 
quarterly journal is to publish papers concerned with the dissemina- 
tion of information on industrial medicine rather than with original 
research, and the majority of the papers have been read before the 
Association. The first number covers a variety of subjects ranging 
from “* The general adaptation syndrome and A.C.T.H. therapy ” 
(by A. Williams) to “‘ Some human relation problems in industry ” 
(by D. S. F. Robertson). There is also a section of book reviews, 
and Association news. Copies of the Transactions are free to 
members of the Association, and 5s. per copy to non-members. 


* * * 


SWITZERLAND 


Occupational Safety and Health, formerly the Industrial Safety 
Survey, is published by the International Labour Office in Geneva. 
The publication in its new form will have a wider appeal than 
formerly as it will cover the medical as well as the engineering 
aspects of the protection of workers, and it is proposed to devote 
more space in future to the subject of industrial health. It is, 
however, not concerned merely with industry in its narrowest sense, 
but with safety and health in all places of employment. 

In vol. 1, no. 1 (January-March 1951) is an original contribution 
on the guarding of textile printing machines by P. Bouyeure, and 
the first of a series on the problem of accidents in agriculture; this 
article deals with the USA and with Italy. There is a section 
devoted to reports and activities of associations and bodies, both 
official and unofficial, which are working in the interests of occupa- 
tional safety and health. The journal will be published quarterly, 
and the price will be 4s. 6d. per copy, or 15s. per year. 


* 7 om 
ARGENTINA 


We have received vol. 1, no. 1, of Archivos Argentinos de Derma- 
tologia (October 1951). It is intended to publish original articles 
on the subject of dermatology, with references to the literature, and 
summaries in English or French. The present number includes 
four main articles. There is a section devoted to news of meetings 
and finally a section of abstracts and book reviews. The address of 
the editorial office is Cangallo 2391, Buenos Aires. 


a * ~ 
PERU 


The Academia Peruana de Cirugia has begun publication of a 
quarterly journal, Revista Peruana de Cirugia; vol. 1, no. 1, is 
dated July-August-September 1951. The Revista is to take the 
form of symposia on various surgical problems; the present issue 
deals mainly with the surgical treatment of traumatic injuries. Six 
of its ten articles are devoted to injuries of certain regions : cranium 
(Dr Esteban D. Rocca), thorax (Dr Carlos A. Peschiera), abdomen 








(Dr Gabriel Wurst Zeballos), limbs (Dr Eduardo Bermudez Maura), 
urinary apparatus (Dr. Ricardo J. Angulo), and jaws (Dr Felipe 
L. Plaza C.). Dr Jorge de la Romaiia gives statistics of injuries to 
children and adolescents, and briefly discusses the problem of 
hospital accommodation for these cases. Dr Oscar Guzman del 
Villar surveys the provision made in Peru, in the present and the 
immediate past, for the treatment of the traumatized patient, and 
puts forward a proposal for the foundation of a national institute of 
traumatology. Summaries of most of the papers are included, and 
discussion is reported. Other articles deal with sequelae of 
cholecystectomy (Dr Atilio J. Lasala) and laboratory tests in 
cholecystitis (Dr Luis G. Gonzalez Godoy). Notices of con- 
ferences and bibliographical notes complete the issue. 





HISTORICAL NOTE 





The following journals have also been received: 
Bollettino Sanitario della Tripolitania (Tripoli), vol. 8, no. 3-4, 1950 
Giornale del Medico Practico (Naples), vol. 26, no. 12, 1951 
Madjalah Kedokteran Indonesia (Djakarta), year 1, no. 6, 1951 
Medical Literature Review (Bombay), vol. 1, no. 1, 1951 
Nagoya Journal of Medical Science (Nagoya), vol. 14, no. 1, 1951 
Publicaciones del Instituto Antituberculoso ** Francisco Moragas”’ 
de la Caja de Pensiones para la Vejez y de Ahorros (Barcelona), 
vol. 9, 1951 
Revista Medica del Hospital Espafiol (Mexico), vol. 1, no. 1, 1951 
Saghk Dergisi (Ankara), vol. 25, nos. 1-6, 1951 


Shikoku Acta Medica (Tokushima), vol 1, nos. 1 & 2, 1950; vol. 2, 
no. 1, 1951 





Historical Note 


THE STORY OF ST LUKE’S HOSPITAL 


St Luke’s Hospital owed its inception to the foresight of six 
gentlemen of the City of London, who met on 13 June 1750 to 
consider the possibility of providing a hospital for poor lunatics. 
Bethlem Royal Hospital had then been in existence for 500 years 
but was not capable of receiving and maintaining all who needed 
shelter within its walls. At this time the treatment of the insane, 
both inside and outside the few hospitals provided for them, was 
often cruel in the extreme, for this was before the days of Chiarugi 
and Pinel. 

The chairman of the original committee which founded St 
Luke’s charity was Thomas Crowe, M.D., a classical scholar and a 
very active Fellow of the Royal College of Physicians. At his death 
in 1751 he bequeathed £400 to St Luke’s. Funds for the proposed 
hospital were obtained by public subscription and an old building, 
the Foundry, in Windmill Hill, Upper Moorfields, was leased from 
the authorities of the City of London. The Foundry had been 
built in 1684 and was badly damaged as the result of a violent 
explosion during the casting of an extra large cannon. Subse- 
quently John Wesley used it as'a place for preaching and continued 
to do so for a time during its conversion into a hospital. 

The new hospital, situated in St Luke’s parish, was given its 
name in June 1751. The first physician was the eccentric Dr 
William Battie, who also owned a large private asylum and who 
became President of the Royal College of Physicians in 1764. In 
1787 the hospital moved to a new building in Old Street, on ground 
leased from the governors of St Bartholomew’s Hospital. During 
all this time St Luke’s was notable for a more enlightened and 
humane treatment of lunatics than was usual elsewhere, although 
some form of restraint was used in the hospital until 1856. 

For more than a hundred years the hospital continued with its 
charitable work, but towards the end of the nineteenth century the 













Governors sought an opportunity to sell the site (which had greatly 
increased in value) so that a larger, more modern hospital might be 
built outside London. In 1871, in 1887, and again from 1901 to 1909 
they engaged in fruitless negotiations to this end. Eventually, in 
1916 the Bank of England bought the building and the site, and a 
financial arrangement was made which was satisfactory to St 
Bartholomew’s Hospital, the lessors of the ground. The old 
hospital closed its doors in February 1917. At such a time there 
was no possibility of building a third hospital. The First World 
War continued for nearly two years more and subsequently the 
shortage of materials and labour made it necessary to defer any 
thought of building operations for some time. 

In 1922 it was decided that St Luke’s should institute a psychiatric 
clinic in co-operation with the Middlesex Hospital, and this arrange- 
ment worked most satisfactorily. Meanwhile, however, the 
hospital committee did not lose sight of their objective—a third 
St Luke’s. Various sites were inspected and finally, in 1926, 
property at Muswell Hill, in north London, was purchased. Con- 
version and additional building was completed in 1930 and St 
Luke’s Hospital came into active existence once more, the property 
at Muswell Hill being named Woodside Hospital. 

In 1945 it became evident that a national health service was soon 
inevitable and that under the National Health Service Act the great 
teaching hospitals would have specialist hospitals linked with 
them. It was therefore decided to seek amalgamation with the 
Middlesex Hospital. By doing so the Governors realized a long- 
cherished wish to become a teaching hospital. When the Act 
came into force on 5 July 1948, St Luke’s ceased to exist as a separate 
entity and became the St Luke’s-Woodside branch of the Middlesex 
Hospital. Its funds were transferred to the Middlesex; they help 
to maintain the St Luke’s-Woodside branch. 

Brigadier C. N. French has performed a great service in writing 
this detailed history, The story of St Luke’s hospital’ (1750-1948) 
of a charity which for almost two hundred years did so much to 
alleviate the condition of the insane and to improve methods for 
their treatment. He has left an interesting record which will pre- 
vent St Luke’s Hospital from being forgotten now that it has been 
absorbed into the great machine of modern medicine. _T" 


? For particulars, see p. 296. 
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Book Reviews 


MEDICINE 


The British Encyclopaedia of Medical Practice. 
Volumes 5, 6 & 7 


Edited by Horder. 2nd edition. London: Butterworth & 
Co. Ltd., 1951. Vol. 5: Ecthyma to Gassing and Poison 
Gases. xv + 736 pages; 6 plates; 173 figures. 25 x 17 cm. 
£3 5s. Vol. 6: Gastritis to Hypermetropia. xv + 712 pages; 
1 plate; 123 figures. 25 x 17cm. £35s. Vol.7: Hypnotism 
to Larynx Diseases. xv + 707 pages; 4 plates; 188 figures. 
25 x 17 cm. £3 5s. 


It would be hard to better volume 5 of this. by now justly famous 
publication, as regards content, quality of printing and paper, and 
general lay-out. With comprehensive index, and marginal titles, 
it makes a most useful book of reference; there is little or no 
redundant matter and the main facts are clearly set out. At the end 
of each section the chief references are given. The authors are in 
each case recognized authorities on their subjects: R. V. Christie 
writes on emphysema of the lungs, W. B. Gabriel on endoscopy of 
the rectum, W. Russell Brain on epilepsy. In a work of this kind it 
is hard to criticize or comment on the different sections because 
they are, in a sense, beyond criticism. An encyclopaedia of this kind 
sets out the truth as it appears to the medical profession of the day; 
speculative matter is naturally withheld. This makes it rather dull 
for the poor reviewer, who feels he might as well review Burke’s 
Landed gentry or Whitaker’s almanack! Having said which, let us 
make our one uncomplimentary comment: good as are many of 
the illustrations, several fall far short of what they should be in a 
publication of this sort and there is, in this respect, considerable 
room for improvement. 

Volume 6 is well up to the high standard set in the previous 
numbers. Here and there a little therapy of yester-year creeps in; 
atropine is given to treat hyperchlorhydria by reduction of hyper- 
acidity (p. 659), no mention being made of its greater spasmolytic 
action. Cinchophen (called by its proprietary title Atophan) is 
recommended for gout although most physicians have now given it 
up because of its toxic effects on the liver. Seven lines are devoted to 
it, half the space given to drug treatment in this condition. Col- 
chicine, probably the most widely used drug in this condition, is 
not mentioned, though tincture of colchicum in a fluid draught is 
given for acute gout at four-hourly intervals. Congenital heart 
disease is excellently done by Evan ‘Bedford & J. W. Brown and 
there is a short, well-written and valuable section on innocent 
cardiac murmurs by William Evans (p. 275). L. S. P. Davidson 
gives an excellent up-to-date account of haemophilia, R. V. Christie 
of subacute bacterial endocarditis. In a classification of the 
haemorrhagic diseases, purpura due to sedormid is not mentioned, 
and the very small section on purpura secondary to drug administra- 
tion does not reflect its importance in clinical medicine today. 
Approximately a quarter of the volume is devoted to one or 
another aspect of heart disease; the writing of the different authors 
is surprisingly even, continuity is well maintained and overlap is 
minimal. 

_ A large portion of volume 7 is devoted to normal labour and to 
its various complications and hazards, 15 out of 39 sections being 
on this subject, with some 12 authors writing sections on all aspects 
from radiology to childbirth in the tropics. All are of high merit and 
the writing is particularly even, considering the number of contri- 
butors. Earlier in the book Kenneth Walker contributes a most 
useful and well-written section on impotence, giving full value to 
psychological treatment. Twiston Davies contributes a most 
interesting and well-illustrated section on impetigo and Ray Bettley 
on ichthyosis. In the section on hypoglycaemia no mention is made 
of the fact that acute gastroenteritis or the vomiting of gastritis 
may induce hypoglycaemic coma in diabetics by upsetting their 
usual dietetic routine; in such cases the smell of acetone may be 
present in the breath and the third point given on p. 19 for differential 
diagnosis between diabetic and insulin coma may not apply. 
Simmonds’ disease (Sheehan’s syndrome) is not mentioned as a 
cause of hypoglycaemia and the important role played by the 
anterior pituitary is barely mentioned, though interference with a 
sugar-regulating centre in the pons is described. E. B. Strauss 
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writes an excellent section on hypnotism. These volumes are 
worthy additions to an extremely useful and well-produced encyclo- 
paedia, an excellent publication in an excellent series which every 
large medical library, private or public, should have on its shelves. 
F,. Dudley Hart 


Major Symptoms in Clinical Medicine. Volume Il 


John Almeyda. London: Henry Kimpton, 1951. viii + 335 
pages; 137 illustrations. 25 x 16cm. £1 5s. 


This volume is devoted to neurological, psychological, dermatolo- 
gical, locomotor and endocrine disorders. The author adheres to 
the nomenclature outlined in volume I (reviewed in Brit. med. Bull. 
1951, 7, 223) and physical signs are termed ‘* objective symptoms”, 
symptoms “ subjective symptoms”. This perhaps makes for 
clearer, more lucid thinking, perhaps the reverse; the reviewer 
cannot quite see what is gained thereby. These symptoms are 
listed under different headings, and classifications abound. One 
page is devoted to the classification and description of frigidity, and 
on the next page (677) one is told. how to investigate ‘‘ a case of 
Passion”. So concentrated is the subject-matter that half-truths 
abound: gout is an intense inflammation of the metatarso- 
phalangeal joint of the great toe (p. 639), Schénlein’s and Henoch’s 
purpurae occur around. swollen and painful joints, “* allergic arth- 
ritis”’ is seen in Raynaud’s syndrome, and.so on. Such concen- 
trated and indigestible fare may well prove too much for the 
average reader’s powers of digestion and absorption. 

Finally, the illustrations: these are a distinct improvement on 
those in volume I, but still leave much to be desired. Figure 306, 
for instance, is a bad photograph badly touched up. In fig. 289 
(‘a case of hypertrichosis”’) false whiskers are painted on to 
another bad photograph. All in all this is not a book to be recom- 
mended to either graduate or undergraduate in search of accurate 
and well-set-out information. 

F. Dudley Hart 


Joll’s Diseases of the Thyroid Gland 


Francis F. Rundle. 2nd edition. London: William Heinemann 
Medical Books Ltd., 1951. x-+ 520 pages; 165 figures. 
25])x 19 cm. £4 4s. 


This revised edition is most welcome. Almost twenty years ago 
Cecil Joll produced his magnum opus, which remained the standard 
book of reference for many years. But, as a result of significant 
advances in our knowledge of thyroid disease and great changes, 
particularly in treatment, it became necessary to bring the work 
up to date. Joll himself, with the co-operation of the present author, 
planned to do this, but his untimely death in 1945 prevented its 
accomplishment. 

Mr Rundle is to be congratulated not only upon completing the 
task but on maintaining the original high standard. Of necessity 
the format of the book has changed. The subject-matter is readily 
understandable and easy to read; the illustrations are fewer and in 
general well selected. The book is smaller, which increases rather 
than detracts from its value. 

The part of the book dealing with pathology and aetiology is well 
related to the histophysiological introduction, which in spite of its 
complications and reviews of theses, both new and old, is at once 
stimulating and satisfying. Many of the old pathological per- 
plexities seem to be illuminated by the thyroid-pituitary axis theory, 
which has also shed light on many of the difficulties of clinicians. 

The author’s original work on the ocular manifestations of 
Graves’s disease forms a special chapter, probably the best account 
of this aspect of the disease to be found anywhere. Specialized 
contributions are made by G. Crile, jr, N. F. Maclagan and J. C. 
McClintock on subacute thyroiditis, biochemical problems and 
malignant disease respectively and, as expected, these are very good 
and valuable. The problem of anaesthesia in goitre operations, 
which has played such an important part in the reduction of both 
mortality and morbidity, is excellently dealt with by E. S. Row- 
botham, who has had a wide practical experience of this work. It is 





noteworthy that no mention is made of the relaxant drugs, which 
many anaesthetists find of great value for endotracheal intubation. 
Cocainization, which is not free from risk, is avoided by their use, 
and direct vision intubation can be performed quickly and safely. 
Nor is it universally held that heavy premedication is necessary or 
advisable in thyrotoxic patients; in fact the reverse is favoured by 
many anaesthetists and surgeons. 

The operative section is introduced by Rundle, and followed by 
Jol’s own description of the operation, largely as it appeared in the 
Ist edition. There are several omissions, notably a reference to the 
draping of the patient with towels, which is so important. Stress 
is placed upon gentle handling, which can be accomplished only if 
mobilization is carried out in the correct tissue planes. Attention is 
drawn to the importance of the reflection and preservation of the 
anterolateral false capsule of the gland (pretracheal fascia) in order 
to prevent injury to or removal of the parathyroid glandules. 

The author compares the various forms of treatment with com- 
mendable fairness. The importance of co-operation between 
physician, surgeon, biochemist and endocrinologist is again most 
rightly stressed, as is also the establishment of “* rapport ” between 
the patient and the doctor, so necessary for success in the treatment 
of thyrotoxic patients. 

No clinician, be he physician or surgeon, can afford to be without 
this excellent book. There is no connected problem upon which 
he will not find useful information, and the work is accompanied 
by a complete bibliography. 

George Armitage 


Chronic Bronchitis 


Trevor H. Howell. London: Butterworth & Co. Ltd., 1951 
viii +111 pages; 2 plates; 26 figures. 22x 14cm. 17s. 6d- 


The widespread recognition of the great social and economic 
consequences of common diseases is of relatively modern develop- 
ment. It is only recently, for instance, that official encouragement 
has been given to research into the rheumatic disorders. A great 
increase in the intensity of investigation into these diseases occurred 
before the discovery of cortisone provided an additional stimulus. 
Chronic bronchitis is another of these common disorders that have 
extensive social and economic consequences. Yet until recently it 
has received scanty attention from research investigators. Dr 
Howell considers chronic bronchitis as second only to fibrositis 
as a drain on public funds, yet he finds, for instance, that in one 
recent large textbook on diseases of the chest only one paragraph 
is devoted to chronic bronchitis. The present book is therefore 
particularly welcome because it offers a full account of many of the 
problems presented by this disease and furthermore demonstrates 
well how clinical research, using simple bedside methods available 
to all, may be used in the elucidation of some of these problems. 

The book opens with a historical introduction and a chapter 
devoted to a general survey of the disease. There follows a dis- 
cussion of the pathology, based on an examination of 300 subjects. 
It was found that death was more often due to right ventricular 
failure than to uncomplicated chronic bronchitis itself. The 
frequency with which emphysema is found in association with it is 
discussed and the histological changes to be found in the bronchial 
mucosa are described in detail. The degenerative changes resulting 
from advancing years, many of which are enumerated, are regarded 
as major factors in the aetiology of bronchitis. 

Later chapters deal with symptoms and with the physical signs. 
A chapter on differential diagnosis is necessarily handicapped by 
the fact that chronic bronchitis is diagnosed largely by exclusion of 
more gross organic disease. Emphysema is not mentioned here, 
nor are the allergic states producing bronchial spasm. In a 
section on clinical pathology the bacteriology is well discussed, and 
the inconstancy of the effect of bronchitis on the haemoglobin and 
on the erythrocyte sedimentation rate is pointed out. 

The chapters on treatment are perhaps the best part of the book. 
A modern and critical outlook is maintained. Thus McMichael’s 
Suggestion to use ouabain in the treatment of cor pulmonale is 
followed. The effects of a wide variety of expectorant drugs on 
the sputum volume are extensively analyzed and compared with the 
effect of saline controls. No consistently valuable effects were 
revealed but the influence on sputum viscosity was not studied. 
Aminophylline is recommended in preference to ephedrine as an 
antispasmodic. The temporary effects of the antibiotics on the 
bacterial flora of the bronchi, and their lack of permanent value, 
are well pointed out. 
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The book presents in very readable form a great deal of infor- 
mation derived both from the literature and from the author’s own 
careful observation and experience. It keeps a critical and ortho- 
dox outlook throughout. It should provide instructive reading for 
practitioners who are in daily contact with this disease, and may 
well stimulate some to follow the author’s example and make 
chronic bronchitis a subject for further research. Many references 
are given, both historical and recent, yet the book seems just to fall 
short of achieving the status of a scientific Ee. - 

. L. Cope 


The Practice of Endocrinology 


Edited by Raymond Greene. 2nd edition. London: Eyre & 
Spottiswoode, 1951. (The Practitioner Series.) xxiv + 389 
pages ; 56 plates ; 25 figures. 25 x 16cm. £3 5s. 


The 2nd edition of this book lives up to the high reputation that 
was established by the Ist. The revision has been done entirely by 
one man—Dr Raymond Greene—and this naturally leads to a 
degree of balance throughout that is often missing in textbooks with 
several authors. The book is intended primarily for practitioners, 
and their needs have been clearly kept in the forefront of the minds 
of the authors. 

The arrangement is logical and begins with a short chapter on 
the hypothalamus and autonomic endocrine function. This is 
followed by excellent sections on the pituitary and adrenal glands. 
These are written by A. C. Crooke and contain material that will 
be of interest to the specialist, as well as basic information set forth 
in an easily assimilable manner. A short chapter on diseases of 
adaptation follows, and in it detailed discussion of the long series 
of experiments that led Hans Selye to advance his hypothesis of a 
stress reaction is rightly avoided. The accounts of adrenocortico- 
trophic hormone (ACTH) and cortisone in relation to rheumatoid 
arthritis and some other diseases of adaptation are dealt with 
briefly, and although this brevity may be a source of disappointment 
to some, it is doubtless deliberate, as the subject is a rapidly chang- 
ing one. The chapter on the sex glands is objectively written and 
undue enthusiasm is avoided. There are useful short sections 
dealing with endocrinology in childhood, disorders of the breasts, 
and problems of sterility. The thyroid gland is naturally given 
much attention, and answers will be found, where they are known, 
to almost all the questions that may concern a practitioner in his 
management of disorders of this gland. The short and practical 
sections on diabetes mellitus and the parathyroid glands are written 
by R. D. Lawrence and Donald Hunter respectively, and are 
worthy of the great reputations of their authors. Finally Dr 
Greene shows his affection for the proper use of words by changing 
the title of the last chapter from “* Adiposity ” to ‘* Corpulence.”’ 

Considerable care has been taken in choosing the references that 
are quoted in the text, and anything approaching a plethora of them 
has been avoided, to the advantage of the general reader. The 
illustrations are excellent; clearly all have been well considered, 
as they really do show the points that they are intended to make. 
The book is very well produced, as would be expected in a member 
of the Practitioner Series, and will reward the owner for his expendi- 
ture in cash and in reading-time. 

John S. Richardson 


The Approach to Cardiology 


Crighton Bramwell. London: Geoffrey Cumberlege, 1951. 
viii + 122 pages; 66 figures. 25 x 16cm. 17s. 6d. 


This recently published book by the Professor of Cardiology in 
the University of Manchester, with a foreword by Professor A. V. 
Hill, is based on lectures for students in their first six months of 
hospital experience. The author’s aim is to teach the under- 
graduate to apply physiological principles to clinical methods of 
examination and practice but not to neglect the study of the patient 
as an individual in his or her constitutional make-up, family and 
environment, for these can in large measure influence the colour of 
the clinical picture, misdirect treatment, and alter conclusions based 
on physical methods. . 

In a chapter on cardiac enlargement the author states that, since 
the enlarged heart is a diseased heart, it is important to determine 
its size with exactness, and to regard palpation of the cardiac 
impulse as a more reliable method of examination in adults than 
percussion, or inspection of the position and size of the cardiac 
impulse. No clinical method has the exactness of radioscopy, which 
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is not easily available in general practice outside the hospital and 
the special clinic. The mechanism of heart sounds in their relation 
to normal and damaged valves is adequately defined with the aid of 
phonocardiographic records and electrocardiograms to illustrate 
the sequence of events in the cardiac cycle. The long and useful 
section on the pulse was to be expected from the author, who has 
made over many years a special study of the mechanics of the pulse 
wave. The correlation of the character and quality of the pulse with 
arterial and heart disease is emphasized by reference to his past 
work, sometimes in collaboration with Professor Hill. Under the 
heading “* Cardiac arrhythmias,” there is a historical note on 
Mackenzie and his contribution, with the aid of the polygraph, to 
knowledge of their identification. In describing the mechanism of 
auricular fibrillation and auricular flutter, and the theory of circus 
movement advanced by Lewis and others, there is no reference to 
the recent investigations of Prinzmetal which refute this explanation 
in favour of rapid individual contractions of the muscuiar fibres of 
the wall of the atrium; this omission will, no doubt, be remedied in 
the next edition of the book. Some space is given to the action of 
digitalis and quinidine in the arrhythmias. The significance and 
method of identification of the other irregularities of the heart, with 
the aid of suitable electrocardiograms, are clearly defined. Heart 
failure is considered under the main headings of congestive heart 
failure and myocardial ischaemia, and this conception is supported 
by a clear exposition of the physiological and pathological pro- 
cesses involved. Dyspnoea and cyanosis are related to pulmonary 
congestion, and anginal pain to a defective coronary circulation 
resulting from coronary sclerosis. 

The final chapter, on the aetiology of heart disease, accepts the 
generally held view that to understand the natural history of heart 
diseases the underlying causes are more important than are anato- 
mical and functional changes in the heart and circulation. There 
are two main groups, congenital and acquired. The Maude Abbott 
classification of cyanotic and acyanotic types is followed, the signifi- 
cance of cyanosis as an unfavourable sign is stressed, and the great 
advances in treatment by means of the accurate diagnostic method 
of catheterization of the different chambers of the heart and the 
progress in the surgical treatment and anaesthesia are emphasized. 
There are two main causes of acquired heart disease: inflammation 
and degeneration. The inflammatory causes are those of acute 
rheumatism, cardio-aortic syphilis and subacute bacterial endo- 
carditis; and the degenerative are recognized as those of coronary 
atherosclerosis and hypertension. Under the heading of “* second- 
ary ” heart failure is included cor pulmonale, thyrotoxicosis, vitamin 
B, deficiency and anaemia; the treatment is essentially that of the 
primary disease. 

This book will be found helpful to all who require general and 
some special knowledge of diseases of the heart and circulation. 


T. F. Cotton 


Heart Disease in Pregnancy 


A. Morgan Jones. London: Harvey & Blythe Ltd., 1951. 
x + 57 pages ; illustrations. 22 x 14cm. 6s. 


This monograph is based on observations made on a group of 
485 pregnant women suffering from heart disease. Some 400 of 
these were seen personally by Dr Morgan Jones throughout preg- 
nancy and 352 were followed up for several years after confinement. 
Of these 352 patients, 17 have died during pregnancy or within two 
years post partum, either due to heart disease or to some unrelated 
cause, a total mortality of 4.8 °°; and it is thought that pregnancy 
precipitated death in 2.8 %. It is contended that in the majority of 
cases there is no unusual danger in allowing pregnancy to pursue 
its normal course in patients with heart disease and it is pointed 
out that there is an appreciable risk attending intervention. Never- 
theless, in a small proportion of cases pregnancy entails a con- 
siderable risk and one of the principal objects of this monograph 
is to discuss the clinical features which enable these cases to be 
recognized. 

Rheumatic heart disease accounted for 90°% of the cases re- 
viewed, congenital heart disease occurred in 6.8%, hypertensive 
heart disease in 2.19%; the remaining 1.1% were of miscellaneous 
types. The patients with rheumatic heart disease are divided into 
groups I, II and III. This classification is ‘* therapeutic ’ and is 
intended to show not what patients can do but what they should do. 
To patients in group I, pregnancy presents no unusual danger ; 
these patients have no symptoms during ordinary activity before 
pregnancy. Patients in group III show severe symptoms during 
slight activity before pregnancy: for them pregnancy is inadvis- 
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able. If women in this group are already pregnant when first seen, 
then, if the pregnancy is early, it should be terminated ; if pregnancy 
is already advanced, it should be allowed to continue to term. 
Group II is intermediate: in it the advisability of continuing 
pregnancy depends on the facilities for supervision, the circum- 
stances of the patient and the value attached to the child. 

Dr Morgan Jones stresses the value of a special and separate 
clinic for the supervision of pregnant women. This allows a trained 
staff to be built up, routine procedures to be regularly and accu- 
rately carried out, and a social worker to study home conditions to 
be provided. By these means a proper study of patients with heart 
disease can be made and an adequate body of experience gained. 
This is of course in keeping with the tendency to establish special 
clinics, which have so adequately justified themselves, for disorders 
of the blood and for diabetics. 

It is a little difficult to be sure for whom the book is designed. 
Apart from workers in other cardiac clinics who would read it as a 
monograph, for comparison with their methods and results, it seems 
suitable for three classes of reader. First, the general practitioner 
who will refer his pregnant patient with heart disease to a suitable 
clinic, but on whom some of the responsibility of supervision will 
fall; second, the specialist physician who may from time to time 
have to advise or supervise such a patient ; and third, the cardio- 
logist in a like position who has no facilities for organizing a special 
clinic. 

The book is well written and the arguments clearly expounded 
with a minimum of verbiage. 

F. A. Langley 


Pharmacology of the Failing Human Heart 


John McMichael. Oxford: Blackwell Scientific Publications, 
1950. vii + 63 pages; 24 figures. 22 « 14cm. 8s. 6d. 


This monograph, which includes research material presented by 
the author in lectures in various parts of the USA, and is published 
in the American Lecture Series, describes the results of the investiga- 
tion, by means of cardiac catheterization, of the mode of action of 
certain drugs and therapeutic procedures on the failing heart. The 
first chapter discusses in general terms the circulatory changes in 
heart failure and emphasizes our fundamental ignorance of the 
factors which ultimately cause failure of the hypertrophied heart 
muscle. Subsequent chapters deal with the action of venesection, 
the mercurial diuretics, theophylline-ethylene-diamine, and digitalis 
and strophanthus. In the finat chapter, on special therapeutic 
problems, the indications for the use of digitalis in the various 
aetiological types of heart failure are discussed. 

The difficulties in investigating the action of drugs on the failing 
heart by means of measurements of the haemodynamic changes 
with the cardiac catheter are well illustrated in the chapter on 
digitalis and strophanthus. The author's earlier work had suggested 
that digitalis had a primary venous pressure reducing action, and 
that changes in cardiac output were secondary to this. A better 
appreciation of the errors in measurement of cardiac output by 
means of the cardiac catheter, and technical advances in the methods 
for measuring intracardiac pressure, have caused this view to be 
abandoned. There is now experimental support for the traditional 
clinical view that digitalis has a direct stimulant action on the 
failing myocardium. The advent of the cardiac catheter has enabled 
rapid progress to be made in the study of heart failure, and this 
small monograph serves a useful purpose in reviewing critically 
some of the experimental studies on the mode of action of certain 
drugs and therapeutic procedures. 

G. W. Hayward 


International Pharmacopoeia, Volume I 


World Health Organization. Geneva: World Health Organi- 
zation, 1951. (Bulletin of the World Health Organization, 
Supplement 2.) xviii + 406 pages. 25 x 16cm. £1 15s. 


The conception of an International Pharmacopoeia is a very 
attractive one, and its appeal to the World Health Organization 
(WHO) can be readily understood. It is of course far from a new 
idea—a French “‘ Universal Pharmacopoeia”’ had reached a 4th 
edition in 1729. This present publication was planned before the 
Second World War, taken up by its new sponsors in 1947, with an 
expert committee of seven, and was launched in both English and 
French at the meetings of the’ Fédération Internationale Pharma- 
ceutique in Rome in September 1951. A Spanish translation is 
promised soon. 
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A national pharmacopoeia today is a book of standards, usually 
enforced by law on manufacturer and dispenser. Its compilation— 
even its revision—is a serious business invoiving many awkward 
decisions. What to add, what to delete? What details matter? 
How many identification tests should be included? Which are 
best? If too critically selective, it is condemned as ‘‘ academic ”’. 
If comprehensive instead of selective, it is “‘ uncritical”. in this 
golden age of therapeutics, should it attempt to keep pace with the 
latest advances in treatment? If not, it is condemned as dull and 
ultra-conservative. If it does, it will assuredly include something 
which will not stand up to the test of time. Since it may provide 
a basis for legal arguments, it must be accurate and dogmatic. 

It is not easy to assess the new book on these lines. At present 
it has no real status in law. No manufacturer can be fined if his 
product fails to reach the standards here laid down. As volume I, 
it makes no pretence at comprehensiveness. One can hardly 
criticize it on the ground of omissions. We are promised that 
volume II will include the antibiotics, and monographs and appen- 
dices on injections (a few of these are to be found in volume J), 
sterility tests, the pyrogen test, certain tinctures and tablets. No 
doubt there will be addenda to follow volume II—the work of the 
makers of pharmacopoeias is never complete. Yet there are some 
rather surprising omissions from the present volume. 

Paraldehyde is a case in point. It may be obsolescent, but it still 
has no mean place. Perhaps it was felt that such salts as ammonium 
chloride, sodium bicarbonate and magnesium sulphate are suffi- 
ciently defined in appendix 1 as “‘ of reagent purity ”, but one is 
reminded of a manufacturer of “* health ” salts, who, when teased 
about the amount of MgSO, in his proprietary, banged the table 
and said, believing every word of it: “‘ Yes, and there.is no mag- 
nesium sulphate in the world such as goes into my salts ! ” 

Can one throw any doubts on some of the drugs selected for 
monographs? Why aconitine? Aconite is in the British Pharma- 
copoeia, 1 948, presumably because of the liniment of that name. Why 
bromoform? Why both codeine and codeine phosphate? Why 
cocaine nitrate as well as hydrochloride? Why two double salts of 
caffeine, two of theobromine and three of antimony? The only 
justification for such duplication of monographs must be the in- 
sistence of several countries on the retention of their pet prepara- 
tions. No doubt benzoated tincture of opium can be justified on a 
similar basis, but it looks slightly out of place here. Dicoumarol 
may have been preferred to Tromexan at the time of going to press, 
but today the shorter-acting and safer anticoagulant is more 
commonly used. 

The present volume has an interesting preface telling of the 
book’s development and makers, 7 pages of “* general notices ”’, 
260 pages of monographs, 120 pages of appendices—the last of 
these a most useful if not always consistent summary of modes of 
administration and usual and maximal doses of drugs—and an 
admirable index. The production of the book is very attractive; 
type and paper are beyond reproach. Instead of taking the easy 
and safe method of limiting its contents to the drugs common to the 
long-established pharmacopoeias, it has included some more recent 
introductions such as American antimalarials of which Europe has 
little experience. Proof-reading has hardly been as thorough as it 
might have been : nor are explanatory cross-references as numerous 
as one might wish. On p. 15 hydrochloric acid is allowed, as 
impurities, not more than 5 parts per million of arsenic and 5 parts 
per million of heavy metals, but up to 10 parts per million of lead. 
This apparent mistake is repeated for the dilute acid on the next 
page. What is really intended but only made clear by a study of 
appendix 11 is that either a test for lead or a test for heavy metals 
may be chosen, “ according to national preference ”, but this seems 
scarcely a critical international outlook. Appendix 34, * Tests for 
freedom from abnormal toxicity”, seems meaningless as printed. 
One is a little shocked at a test on “* a healthy mouse ” and another 
on “a healthy guinea-pig”, even as amplified, in the monograph 
on antitoxic sera, by a third test—‘* on a normal healthy rabbit °’. 
In appendix 38, ** Assay of vitamin A’’, we are directed to use a 
“* suitable biological method ”’, though this has now been almost 
given up in favour of the spectrophotometric method which is also 
described. The “ prophylactic ” test for vitamin D, long neglected 
by manufacturers, is described in appendix 39. It is true that these 
tests are still set out in the British Pharmacopoeia, 1948, but much 
progress has since been made in this field. 

One despairs of the pharmacognosists. Must the microscopical 
description of such drugs as opium be compressed into a single 
sentence? And what a sentence! A gross of words—jargon at its 
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worst. A special prize would go to the chemist who identifies 
chenopodium oil by heating “* 1 ml to incipient ebullition ...!” 
and another to the author of ‘** Tosylchloramide Sodium is sodium 
tosylchloramide ”’ (p. 253)—even if the jargon is derived from the 
British Pharmacopoeia and the truism has precedents in plenty 
there. Some of the Latin used in titles and synonyms, no doubt 
justifiable on international grounds, can hardly be called pleasing, 
e.g. “* standardisatus ”’ and “* Solutio Fowleri ”’. 

It is good of WHO to offer a ready-made pharmacopoeia to 
under-developed countries, but what country would accept this 
label? And if, as seems likely, the backward country has to import 
its drugs from its neighbours, are these neighbours likely to meet 
the demands of their own pharmacopoeia for their own needs, and 
the possibly different standards of WHO for export? If the book 
can be made so good that it is acceptable to all nations in lieu of 
their national productions or part thereof, and is given the same 
authority, it would undoubtedly be a great advance. But the 
prospects of such acceptance and authority seem remote. In the 
present volume we have a beginning and a promise ; evidence that 
experts from a number of nations can find, between themselves, 
reasonable agreement about certain potent drugs—preparations of 
choice, standards to be demanded, doses to be used. The eventual 
value of their efforts cannot be judged at the moment—cannot, 
perhaps, be judged even on the completion of the work with the 
second volume which it is hoped to publish this year. For the 
labours of the experts, their patience and determination to over- 
come the innumerable difficulties of language, tradition and practice, 
we can have nothing but admiration. 

A. D. Macdonald 


Pharmacology 
Michael G. Mulinos. 2nd edition. New York: Oxford 
University Press; London: Geoffrey Cumberlege, 1951. 


viii + 484 pages. 22 x 14cm. £2 


This book can be best described as a synopsis of pharmacology 
and therapeutics, designed to provide a ready means. of reference 
to the essential established facts of pharmacology. As such it 
suffers the inherent limitations of this method of exposition; facts 
are of necessity presented in a disjointed and unconnected manner. 
Emphasis on fundamental observations and the demonstration o1 
the relationships between a variety of apparently unconnected 
biological observations are the qualities of the formal textbook 
which give life to the subject and often interest to the reader. These 
qualities are lacking in this book. The author has made the best 
use of his chosen method of presentation and has crowded into 
484 pages a mass of information which is on the whole well 
arranged. There is included an introductory chapter on the classi- 
fication of drugs; this might be found confusing by those not well 
versed in chemistry and pharmacology. The sections at the 
beginning of many of the chapters which summarize concisely the 
basic knowledge of the physiology of organs and tissues are of 
particular value, and lay a sound foundation for the succeeding 
sections on the pharmacological methods of modifying function, 
while together the sections demonstrate the synthesis of rational 
therapy. 

The book is to be recommended to those who, already provided 
with a sound basic knowledge of pharmacology and therapeutics, 
wish a quick reference to essential facts or to those who wish a 
short résumé to mark the salient points of a formal course of study. 
For the beginner without background the book will be uninforma- 
tive and confusing, and certainly bewildering as an introduction to 
the study of the subject. 

T. N. Morgan 


Addendum 1951 to the British Pharmacopoeia, 1948 


Published under the direction of the General Medical Council 
pursuant to the Medical Council Act, 1862, and the Medical 
Act, 1950. London: published for the General Medical 
Council by Constable & Co. Ltd., 1951. xviii +- 114 pages. 
22 x 14cm. 17s. 6d. 


Unless a complete British Pharmacopoeia can be published every 
two or three years, addenda are almost essential. The 1951 
Addendum contains about 30 drugs (exclusive of preparations) 
which were not in the Pharmacopoeia of 1948. A steady increase 
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in the rate at which new therapeutic agents have been introduced 
can be traced during the first half of the present century. Thus, the 
16 years between 1898 and 1914 provided about 30 additions; the 
18 years between 1914 and 1932, about 80; and the 16 years between 
1932 and 1948, about 150. In the 1932-48 period the average 
increase was roughly 10 drugs a year. The 1951 Addendum with 
its 30 drugs for a period of three years, maintains the same rate. 
Is the curve beginning to flatten ? 

The existence of patent rights is no longer a bar to admission of 
drugs. This may explain the inclusion of several substances after 
what seems an unnecessarily long probation. ‘* Seconal ” appears 
as quinalbarbitone sodium, “* sulphamezathine ”’ as sulphadimidine, 
and “ mapharside ” (or an essentially similar compound) as oxo- 
phenarsine hydrochloride. Pheniodol, also, has penetrated the 
defences. 

There are a few puzzling features. Indigo carmine, included first 
in 1932, was omitted in 1948 but has now reappeared. Phenol- 
sulphonphthalein, although in use for many years, makes its first 
appearance. Chloramphenicol is included but not aureomycin. 
Dihydrostreptomycin has gained what may be an insecure place. 
Folic acid is still outside the pale. Vitamin B,, might well have 
been included, although perhaps at the time of compilation there 
may haye been reasons for omitting it. 

The monographs on preparations of human blood form a new and 
welcome addition. 

In general, the contents of the Addendum are much as was to be 
expected. They reflect with fair accuracy the advances in thera- 
peutics during the past few years. 


E. B. C. Mayrs 


The Spa in Medical Practice : 
Committee of the Association 


British Medical Association. London: British Medical Associa- 
tion, 1951. 96 pages. 18 x 12 cm. 3s. 6d. 


This booklet consists of the report of a special committee of the 
British Medical Association and, although somewhat one-sided 
from a general scientific point of view, it constitutes an excellent 
guide for the practitioners of the National Health Service, and an 
accurate description of the special development of the British spas. 

The organization of British spas—eight altogether—as centres of 
physical treatment follows the development of this branch of 
therapy so actively pursued by British physicians since the eigh- 
teenth century. In fact, since those days the British physicians, 
under the influence of the empirical philosophy of Locke and later 
under the “‘common sense”’ Edinburgh school, avoided losing 
themselves in theories and speculations, and adopted the principle 
of the “ practical man”. Lettsom had founded a hospital for 
scrofulous children in Margate, Richard Russell showed the im- 
portance of the sea climate and sea bathing, and, while Laennec 
and other French clinicians sceptically used medicines for tuber- 
culosis, Sir James Clark showed the importance of the climatic 
factor. 

Certain spas are associated with universities in the study of 
rheumatic diseases. Thus, the Leeds centre associates outpatients’ 
clinics at the Leeds General Infirmary with beds at the Royal Bath 
Hospital, Harrogate, and a similar collaboration exists between the 
Devonshire Royal Hospital of Buxton and the rheumatism research 
centre of the University of Manchester. 

The placing of the British spas under the National Health Service 
is a fine achievement, conforming to the social tendencies of modern 
medicine. It is true that, long before the National Health Service 
Act of 1946, spas were open to the less fortunate, but the new Act 
allows for a better organization of spa treatment for the majority of 
the population. However, some modifications have to be made in 
the otherwise excellent National Health Service to safeguard the 
independence of physicians and patients. 

Further, it should not be forgotten that spas depend on the 
specific action of their mineral waters. It is astonishing to read 
that, ‘* Since 1920 many papers have been written with the object 
of proving that certain waters have a specific action upon the body, 
but, so far, in this country, scientific proof is lacking’ (p. 39). 
I cannot understand whether the authors mean that the British 
mineral waters have no specific action, or whether they speak of all 
mineral waters. That-some British mineral waters have a specific 
action is shown by the work of the pioneers in spa treatment, such 
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as Fortescue Fox and M. B. Ray. And as for the general principle 
of the specific action of mineral waters, this has been amply 
demonstrated since long before 1920—in fact, since the days of 
Paracelsus in the sixteenth century. 

Organization of spas as enlarged watering-places increases their 
usefulness for certain diseases but neglects others. It is our duty 
to combine state medical organization and individual therapeutic 
action, with the object of a superior synthesis. 

A. P. Cawadias 


The B.M.A. Book of Medical Scholarships 


British Medical Association. London : British Medical Associa- 
tion, 1951. xi + 226 pages. 25 x 16cm. 10s. 


At the beginning of this century entry to a university depended 
largely on the financial position of the undergraduate, and this was 
particularly true of entry to a medical school because of the length of 
the curriculum and the long period before a living could be earned. 
The exceptionally able boy could win one of the few awards from 
his school or offered by a medical school to first-year entrants. It is 
in keeping with the change in social conditions and the insistence 
of equal opportunities for all that lack of means is no longer a bar to 
a university education or to entry on a medical curriculum. This 
is due mainly to the provision from public funds of state scholar- 
ships and local authority grants. These are so generous that no boy 
or girl who reaches the intellectual standard required—and this is 
continually rising—need miss a university education if there is a 
place available at the time, though in medicine there are not enough 
places to accommodate all the suitable applicants. What scholar- 
ships are available, and how the state scholarships and local 
authority grants can be obtained, are clearly set out in this publica- 
tion which parents and schoolmasters will certainly welcome. 

When the young doctor has successfully passed the final examina- 
tion for a university degree or other registrable qualification he is 
assured of an income sufficient for himself and his family. Junior 
hospital appointments of the house-officer and registrar types now 
carry good salaries under the National Health Service, and for the 
majority of the members of the medical profession they provide 
the postgraduate opportunities that lead to general and specialist 
practice. But there is a very important minority who are not con- 
tent to follow the orthodox programme, and whose intellectual 
ambitions demand opportunities for research for which there is 
little time while the routine duties of these hospital appointments 
are being carried out. Grants are needed to free them for a time, 
either completely or partly, from routine duties, or to provide the 
equipment or technical assistance necessary for their programme of 
work. It is from such graduates that the future teachers and research 
workers are recruited. The universities provide grants or appoint- 
ments for some of them but many must rely on Fellowships or 
prizes provided by private endowments and trusts. For these 
graduates and for deans, heads of departments, and all holding 
positions in which they are called upon to advise the younger mem- 
bers of the profession, this publication will be a great help. The 
awards are not only shown under the name of the institution or 
organization that provides them, but they are listed under subjects, 
and a useful general index is provided. It is easy also to find what 
travelling Fellowships are available for graduates whose work has 
progressed so far in Great Britain that a period in a suitable centre 
abroad would be valuable or essential to further progress. 

This publication is one of a group that has appeared lately on the 
opportunities now available in Great Britain and abroad for ad- 
vanced studies, though it is distinctive in including both under- 
graduate and postgraduate awards. The others in the group in- 
clude United Kingdom postgraduate awards, published by the 
Association of Universities of the British Commonwealth, 1951, 
Inter-commonwealth postgraduate scholarships in science; compiled 
by the British Commonwealth of Nations Scientific Liaison Offices, 
and published by His Majesty’s Stationery Office, 1951, and 
Scholarships abroad, 1951-52, published by the British Council, 
1951. These are not restricted to medical subjects but include them ; 
together with the British Medical Association’s publication they 
are indicative not only of the wealth of opportunities for advanced 
education now available to suitable applicants but also of the realiza- 
tion that the exchange of ideas among young scientists throughout 
the world is one of the ways to ensure mutual understanding and 
common aims for the benefit of mankind. 

Francis R. Fraser 
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Techniques in British Surgery 


Edited by Rodney Maingot. London: W. B. Saunders Co., 
1950. xx + 733 pages; 473 figures. 25 x 16 cm. £3 15s. 


According to its preface, this book aims at presenting “ a liberal 
cross-section of British surgery as practised to-day’. This state- 
ment and the title of the book immediately invite the question, 
‘** What is British surgery?’ A hundred years ago, this question 
might have had an answer, for there were features in those days 
which differentiated British surgery and British surgeons quite 
sharply from those of France, America or Sweden. Today, there 
is no such difference. Modern surgery is truly international, and 
if British surgery tends on the whole to reject the rather fanciful 
operations seen in some other lands, that tendency is equally true 
of the surgery of the United States, and of the Scandinavian 
countries, if of no other. Moreover, though many new operations 
have been introduced and developed in these islands, every branch 
of surgery leans so heavily upon the work of surgeons in other lands 
that any claim for special qualities or special techniques peculiar 
to British surgery, or characteristic of it, must be made with great 
reserve. Admittedly, the standard of surgery in Britain is high, 
though it could be higher. High or low, however, British surgery 
is British only because it is being performed in Britain, and surgery 
knows fewer frontiers than any branch of science. 

The deeper one goes into this book, the less is its title justified. 
What is there British in Putnam’s operation for parkinsonism, or 
in those of Blalock or of Crafoord for congenital cardiac lesions ? 
The detailed presentation of these operations as in any way British 
is surely laughable, and even such operations as the thymectomy 
which Keynes introduced and describes is based upon the work of 
scientists of many nations. Eponymous operations are bad enough, 
but anything which might suggest chauvinism in surgery is to be 
deplored even in its mildest manifestations. 

Despite its unfortunate title, this is a very good book. It consists 
of a series of essays whose high standard is remarkably uniform. 
The writers are, naturally, all British surgeons describing in detail 
some of the operations they do, why they do them, and how they 
care for the patients before and after. In some instances the writers 
have obviously been chosen because they are masters of some 
difficult or new technique. Anyone who wants to know exactly 
how Lloyd-Davies and Naunton Morgan excise the rectum, or how 
Mercer ties the ductus arteriosus, how Holmes Sellors removes a 
lung or Millin a prostate, will find the details here. The four main 
sections describe a selection of operations on the head, neck and 
spine, on the thorax, on the abdomen and pelvis and, finally, on the 
extremities. This wide scope makes reviewing difficult, for this is a 
book for specialists, and it is not easy to review outside one’s own 
field; but any surgeon can see that the selection has been made to 
include a great deal of new work. This, of course, adds enormously 
to the interest of the book, even if at times the work described is so 
new that one wonders at its inclusion. 

Any surgeon, whatever his specialty, will be delighted by Holmes 
Sellors’s account of pneumonectomy and by Illingworth’s of the 
removal of pancreatic cancer. Price Thomas on pulmonary 
tuberculosis, Rowbotham on the surgery of head injury, McIndoe 
on mammaplasty and Aird, on intestinal obstruction are only a few 
of the experts in their own fields who contribute. The editor selects 
the difficult problem of cardiospasm. The surgery of peptic ulcer 
is dealt with by Tanner, though vagotomy is the subject of a special 
essay by Daintree Johnson. Millin, naturally, deals with retro- 
pubic surgery, and Charles Read with urinary disorders in the 
female. 

An orthopaedic surgeon who reviews this book is natu ally more 
critical of the fourth section, on the extremities. Here Vaughan- 
Jackson starts, with a beautifully illustrated chapter on arthrodesis 
of the hip, knee and ankle. The procedures associated with the 
names of Watson-Jones and of Brittain are described for the hip. 
For the knee he favours a combination of the techniques of Brittain 
and of Bosworth, while the ankle is to be fused by the transfibular 
method developed in the Royal Air Force. One wonders if he 
would still dismiss the Key-Charnley compression technique for the 
knee as “ unproven ”’, or whether he would still describe the McKee 
lag-screw technique for the hip. One feels that this chapter may 
have been delayed in publication. 
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Lawson Dick is excellent on bone-grafting. He gives a very 
useful warning against the deceptive appearance of early fusion of 
cancellous bone. J.C. Adams gives an admirably clear account of 
the Putti-Platt operation for recurrent dislocation of the shoulder. 
He has, however, been a little unhappy in his illustrator, whose 
diagrams suggest a well-known tyre advertisement rather than the 
appearance of normal muscle. ; ; 

Denis Browne, who deals with hypospadias in an earlier section, 
describes what he does for congenital dislocation of the hip and for 
club-feet. F. H. Bentley deals with septic hands and Zachary 
writes admirably on nerve suture. The last essay is from Michael 
Boyd, a provocative, dogmatic and fascinating account of the 
unpromising subject of gangrene. These are all well worth reading. 

The book is beautifully produced. Most of the illustrations are 
excellent. The photographs are good, the skiagrams well repro- 
duced, and the drawings include work by Dorothy Davison, Zita 
Stead and M. McLarty. The index is not good enough, but the 
paper and binding are first-class. 

The editor has obviously worked very hard to produce so good a 
book. He should be able to look forward with confidence to 
further editions. May one hope that they will be titled Techniques 
in surgery, by British authors ? 

D. LI. Griffiths 


An Atlas of General Affections of the Skeleton 


Thomas Fairbank. Edinburgh: E. & S. Livingstone Ltd., 1951. 
xx + 411 pages; 510 figures. 27 x 18cm. £2 15s. 


This is a book which has long been eagerly awaited by the many 
colleagues who have benefited by the unsurpassed experience and 
erudition of its author. The labour that has gone to its compiling 
can be partly understood when it is seen that it is divided into 62 
sections, each one containing a terse summary, with -illustrative 
histories and x-ray photographs, of pathology of a distinct “* general 
affection of the skeleton”. Throughout, there are to be found 
remarks which, by their direct attack on crucial points, will bring 
the personality of the author clearly before those who have been 
fortunate enough to work with him. For instance, in discussing 
the question of whether the increased density of bone shown by 
x ray is apparent or real in certain conditions, he points out that 
the current invariable practice of decalcification before cutting 
microscopical sections destroys precisely the evidence that is needed. 
The writing is clear, unaffected, and intelligible: no small feat when 
dealing with a subject of such immense complication and with a 
nomenclature of such polyglot ponderousness. One depressing 
consideration must occur to those who read this book: that treat- 
ment is hardly mentioned at all, for the very good reason that for 
almost all the conditions described, it simply does not exist at 
present. The first step, however, in attacking any disease, is to try 
to understand its nature as far as possible. Sir Thomas’s work in 
this direction deserves the gratitude of every orthopaedic surgeon 
and paediatrician ; and to them this volume should be a. 

. Browne 


Treatment by Manipulation 


H. Jackson Burrows & W. D. Coltart. 2nd edition, fully revised. 
London: Eyre & Spottiswoode, 1951. (The Practitioner 
Handbooks.) 80 pages; 29 figures. 22x14cm. 12s. 6d. 


A world-famous bone-setter once told me that orthopaedic 
surgeons had forgotten how to use their hands and that they had 
neither the strength nor the knowledge nor the ability to carry out 
manipulations successfully. I was able to demonstrate to him that 
some orthopaedic surgeons certainly had more strength than he had; 
and this useful book, which has been revised and brought up to 
date, will go a long way to remedy the lack of knowledge necessary 
for manipulative treatment. 

Before any manipulation is carried out, it is essential to decide 
what exactly must be done and then how to do it. There is no 
doubt that knowledge can be gathered only by experience and that 
the regulation of force required in doing manipulations cannot be 
taught. Moreover, it is a well-known fact that the manipulation of 
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certain joints requires only one particular movement, and after the 
particular impediment has been removed, the joint will be found to 
be quite free in other directions. This is particularly noticeable in 
the wrist and ankle joints where the loss of the anteroposterior 
movement between the carpus and the radius or the tarsus and the 
tibiofibular mortice is the cause of the recurring disability. The 
restoration of this movement by a manipulation which can often 
be carried out without an anaesthetic will, in the large majority 
of cases of chronic sprain, restore full movement. 

There is one further point which I would stress strongly, as it was 
taught to us many years ago by Trethowan: and that is, that it is 
useless to cure a condition by manipulation and, in so doing, cause 
some other trouble. This is only too common a result following 
the so-called “* general manipulation ” of the joint. 

Having carried out many thousands of manipulations for low- 
back strains and alleged slipped discs, I agree entirely with the 
dictum that flexion of the spine is not necessary and in fact I have 
always discouraged it and have maintained that hyperextension 
and rotation are the only two manipulations necessary; also, more 
harm is done by applying too little force than too much. I notice 
that, in manipulation of the neck, the authors say that the operator 
should sit while doing a manipulation. This is wrong, in my 
opinion, as in order to keep up continued traction while doing the 
manipulation, the operator should stand and lean backwards. 

The photographs are excellent and this book will prove most 
valuable in helping those who are anxious to help their fellow 
mortals without shedding of blood. 


R. Y. Paton 
Cunningham’s Text-Book of Anatomy 
Edited by James Couper Brash. 9th edition. London: 


Geoffrey Cumberlege, 1951. xx + 1604 pages; 88 plates; 
1249 figures. 26 x 16cm. £4 10s. 


The 9th edition of this well-known textbook of anatomy is 
published under the sole editorship of Professor J. C. Brash of the 
University of Edinburgh. Since the appearance of the last edition, 
in 1947, a number of new contributors has been recruited, owing to 
retirement or death of some of the previous authors. Dr R. G. 
Inkster, Reader in Anatomy in the University of Edinburgh, has 
revised the section on osteology. Professor Robert Walmsley of 
St Andrews University has been responsible for the amplification of 
the section on arthrology. Professor Sir James Learmonth has 
revised the section on surface and surgical anatomy. 

The section on embryology has been extensively revised by the 
editor himself and he is to be congratulated on being able to repro- 
duce, for the first time in a textbook, the beautiful two-cell and free 
blastocyst stages in the development of the human ovum, recovered 
by Drs Hertig and Rock. The reviewer is happy to see that the 
now generally accepted terms for the different stages of the develop- 
ment of the yolk sac have been used. 

An important innovation has been made in this edition by the 

provision of a list of references at the end of each section. This will 
prove to be of value not only to the postgraduate student but also 
to the more junior student. Direct reference to original literature 
is a habit that the student should be encouraged to acquire through- 
out his medical career. In the past he has been only too willing to 
accept a statement in a textbook as being final. 
_ The addition of more radiographic plates will be of great value; 
it is most important that the student should have accurate knowledge 
of the “‘ normal” before undertaking his clinical studies. The 
many new figures enhance the value of the book, which can be 
recommended to both senior and junior students as a textbook and 
also as a book for reference. 


W. J. Hamilton 


Systemic Ophthalmology 


Edited by Arnold Sorsby. London: Butterworth & Co. Ltd., 

1951. xiv+ 712+ 21 pages; 38 plates; 309 figures. 

25 x 18cm. £4 4s. 

This work, designed to cover the whole field of medical ophthal- 

mology, is composed of 38 articles by 33 authors; about one-third 

of these are American, the rest are from British Schools. The 

inclusion of some eight contributions from neurologists, physio- 

logists, and others who deal with the ophthalmological aspects of 
their own work, gives the book a refreshingly wide outlook. 

Inevitably, only relatively short space has been given to some of 

the rarer conditions, but the reader faced with one of these and 
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desiring to delve further will find each article followed by a biblio- 
graphy which, being short, selected, and confined mainly to litera- 
ture written in the English language, should make further reading 
fairly easy. 

Only some of the articles can be referred to in this short review. 
Of almost topical interest are those on retrolental fibroplasia (and 
other anomalies of prematurity) and those on the ocular defects 
following maternal rubella and other virus infections in pregnancy. 
Professor Sorsby’s chapter on genetically determined anomalies is 
most useful in collecting the metabolic and systemic anomalies and 
syndromes of ophthalmic interest; many of these are rare and prob- 
ably unfamiliar to the practising ophthalmologist. An outstanding 
chapter is that on ocular tuberculosis by A. C. Woods While it is 
obvious that he accepts a tuberculous aetiology where others would 
be less certain or agnostic, he summarizes clearly and succinctly 
the present views, to which he himself has largely contributed, on 
tuberculosis of the eye. He also deals with sarcoidosis and brucel- 
losis; his articles are profusely illustrated. 

A very readable chapter is that on diabetes, written jointly by a 
physician and an ophthalmologist. S. P. Meadows deals mainly with 
thyrotoxicosis in his article on endocrine disorders, which is 
illustrated with excellent photographs. Of late, there has been a 
good deal of rather confusing discussion on this subject, and this 
article should help the ophthalmologist to see it from the physician’s 
view-point. Psychological disorders at last have a chapter to 
themselves; this subject has been sadly neglected in ophthalmic 
teaching, considering the large part it plays in the daily work of any 
consulting ophthalmologist. The organic nervous diseases are 
systematically and adequately dealt with by two neurologists, and a 
neurosurgeon has written the article on craniocerebral injuries. 
The article on blood. diseases suffers from an attempt at over- 
classification. 

The index is complete and accurate. Most of the illustrations, 
which include many photographs and colour plates, are very good 
and the paper and printing are first-class. 

In general, this book should appeal to the postgraduate specializ- 
ing in ophthalmology, to the physician desiring to refresh and 
extend his knowledge of ophthalmology, and to the practising 
ophthalmologist. The latter will be reminded once again of what 
is so easily forgotten in the daily round of cataracts and glaucomas 
—that the eye is only a part of the body and can be affected by what 
happens in any other part of it. 

Bernard Gluck 


Tumors of the Eye 


Algernon B. Reese. London: Cassell & Co. Ltd., 1951. 
x + 574 pages ; 511 illustrations. 27 x 21 cm. £7 7s. 


This comprehensive textbook has been written by the Pathologist 
to the New York Institute of Ophthalmology and the arrangement 
of the text and a large part of the subject-matter is on pathological 
lines; but, as Dr Reese is also a practising surgeon, he has been 
able to include much useful experience on diagnosis, treatment and 
prognosis. The book is profusely illustrated and is dotted with 
case histories and pictorial records of tumours before and after 
removal, and the reader is thus given a complete picture of the 
clinical course of the disease in question. 

Tumours of the orbit are also described, as are orbital pseudo- 
tumours, and the final chapter deals with the surgical approach to 
these by means of the transfrontal route, the Krénlein operation 
or the transpalpebral approach. The skin incision shown for the 
Krénlein operation is not that which finds most favour with 
surgeons in Great Britain. 

The text is all-embracing and is along standard lines, the only 
major omission noted being the radon and radium treatment of 
retinoblastoma, of which the author himself has no personal 
experience, having preferred to use x-ray therapy. 

The frank evaluation of present methods of treatment, with 
extensive documentation from other sources, makes this book the 
crowning achievement of one of the world’s ablest ocular patho- 
logists. It stands also as a striking vindication of the New York 
Institute of Ophthalmology and their painstaking filing of case 
histories of patients drawn from a wide area. The author can be 
congratulated on having presented his medical colleagues with the 
most comprehensive work yet published on this subject. Ophthal- 
mic surgeons will be delighted with this book and the ease of 
presentation will make it invaluable for students—if they can 
afford it. 

A. Seymour Philps 








Conference on Isotopes in Biochemistry 


Ciba Foundation. Edited by G. E. W. Wolstenholme et ai. 
London: J. & A. Churchill Ltd., 1951. xv + 288 pages ; 
79 illustrations. 21 «x 14cm. £1 7s. 6d. 


_This book reports the proceedings of a conference at which 78 
biochemists, all specialists in the use of isotope techniques, met and 


discussed topics ranging over a wide field. These, for purposes of 


publication, are classified under six headings : (i) steroids (4 papers) ; 


(ii) haemoglobin and metabolic derivatives (4 papers) ; (iii) use of 


tracers in the study of biological effects of radiation (4 papers) ; 
(iv) nucleic acids (4 papers) ; (v) proteins and amino-acids (3 
papers) ; (vi) carbohydrate and fatty acid metabolism (3 papers). 

Together with these are printed verbatim accounts of discussions 
provoked by these communications ; discussions which not only 
help to clarify occasional obscurities, but are of the greatest value 
both as criticism and in suggestiveness. The publication of this 
volume places every biochemist in debt to the Ciba Foundation, 
which organized this conference and brought 32 leading experts 
from overseas. Apart from their participation in the discussions, 
these visitors provided no fewer than 15 out of the total of 22 formal 
communications, but it is encouraging to find that nearly one-third 
of the papers and much of the discussion communicated to this 
world-based symposium were contributed by workers from Great 
Britain. For this achievement our home-based atomic piles are 
largely responsible, and to their controllers and operators British 
biochemists are indeed deeply indebted. 

Merely to detail and comment upon the content of this book 
would be to render a serious disservice to a tool for biochemical 
research that, from its earliest days, has proved itself a most valuable 
aid in the task of unravelling the particularly tangled skeins of 
intermediary metabolism. Here so many different threads cross 
over and interlink as to present a problem as complicated as any 
that human endeavour has attempted to solve. 

A new tool is a good tool if it not only helps to solve old problems 
but discovers new ones. In the words of Dr A. S. McFarlane’s open- 
ing remarks as chairman: “.. . the use of isotopes has uncovered 
problems of greater complexity than the ones they were intended 
to solve’’, and later: “It seems that more than ever before 
the specialist has to pay attention to his general biochemistry . . .”’. 
The introduction of any new tool into scientific research is apt to 
create a fashion, and the employment of isotopes in biochemical 
research has led, as Sir Charles Harington points out in his fore- 
word, “*. . . to some rather hasty experimentation in which the 
more obvious problems were studied without deep thought. 
Such work, although it may provide quick answers to some questions 
of interest, is far from representing the best use of the new method”’. 
Here is an opportunity to take stock, and opportunities to pause 
for this purpose are all too rare in the headlong progress of bio- 
chemistry. 

It may well be that the most valuable results of the exploitation 
of this new tool will come only when its newness and * fashion ’ 
have worn off, and its inherent limitations, which are now begin- 
ning to appear and of which instances are revealed within this book, 
are more fully appreciated. Valuable though they indubitably are 
in the biochemical field it would in the meantime be foolish to 
cleave only unto isotopes and to forsake all others. Even at the 
present time, when the isotope technique is used with skill, imagina- 
tion and with more than a little foresight by its leading practitioners. 
and at a time when it can be shown in many cases that compound 
B is formed as a metabolic product of A, relatively little has usually 
been learned in this way about either the metabolic route that is 
followed or the dynamics of the process of conversion. In the 
elucidation of these problems there is still room for older techniques, 
and it is to be hoped that, with the still increasing availability of 
isotopes and the enthusiasm of those who employ them, the new 
method will come to be regarded, not as “* the ’’ tool for biochemical 
research, but in rather better proportion—as a new, precious and 
subtle tool indeed, but one which supplements rather than sup- 
plants older techniques and, like these, has its limitations. Just 
how serious these limitations may be we are only now beginning to 
discover. 


Ernest Baldwin 





MEDICAL SCIENCES & RESEARCH : 


MEDICAL SCIENCES & RESEARCH 


REVIEWS 


Biochemical Aspects of Genetics 


Organized and edited by R. T. Williams. Cambridge: Univer- 
sity Press, 1950. (Biochemical Society Symposia No. 4.) 
60 pages ; figures. 25 x 16 cm. 


Biological Oxidation of Aromatic Rings 


Organized and edited by R. T. Williams. Cambridge: Univer- 
sity Press, 1950. (Biochemical Society Symposia No. 5.) 
96 pages; figures. 25 x 16cm. 8s. 


The Biochemistry of Fish 


Organized and edited by R. T. Williams. Cambridge: Uni- 
versity Press, 1951. (Biochemical Society Symposia No. 6.) 
105 pages ; figures. 25 x 16cm. 12s. 


The Biochemistry of Fertilization and the Gametes 


Organized and edited by R. T. Williams. Cambridge: Uni- 
versity Press, 1951. (Biochemical Society Symposia No, 7.) 
66 pages ; figures. 25 x 16cm. 9s. 6d. 


Each of this series of Symposia held frequently by the Biochemical 
Society comprises six to eight papers on special aspects of each 
subject given by leading experts in the field. They are largely short 
review articles indicating the scope and trend of recent researches 
and thus may serve a useful interpretative role for non-specialists. 

In the first of these Symposia are reproduced several papers on 
a relatively new aspect of biochemistry and genetics, namely the 
genetic control of single biochemical characteristics. One of the 
greatest advances in modern biology has been the enunciation of the 
**one gene—one enzyme” hypothesis by Beadle and Tatum, a 
development which actually had its roots in the pioneer. works of 
Garrod on “* inborn metabolic errors ” and of Scott-Moncrieff and 
others on the biochemistry of flower colour variation. This field is 
currently being studied with great profit in many laboratories by 
use of micro-organisms, in which mutations may easily be produced 
by chemical agents, x rays, etc. and in which many gene-controlled 
metabolic and enzymatic changes are readily observed. 

W. J. C. Lawrence outlines the work begun by Onslow and 
Scott-Moncrieff in the genetic factors controlling flower colour 
and pigment synthesis, an important point of departure for the 
more recent studies on micro-organisms. Of special interest to 
clinicians and students of human genetics are the articles by L. S. 
Penrose and C. Rimington on “* inborn metabolic errors ” and their 
interpretation. Rimington points out that certain “ inborn errors ” 
are not strictly speaking “ metabolic” errors leading to gross 
accumulation and excretion of some metabolite, but rather “‘ errors” 
in the ability of the renal tubules to reabsorb essentially normal 
amounts of the substance in question. 

The growing list of mutagenic agents is outlined by J. G. Carr, 
with references of interest to the high activity of carcinogenic 
substances. Theories of gene action and mutation and the useful- 
ness of the genetic approach to the study of metabolic pathways 
are considered in articles by D. G. Catcheside and G. Pontecorvo. 
It has been generally assumed, in agreement with Beadle and Tatum, 
that biochemical mutants are characterized by the loss of a parti- 
cular enzyme. Brief mention is made that recent experiments 
indicate that the enzyme in question is actually present in certain 
mutants but is inactive in the intact cell, a new finding which may 
ultimately require some revision of the “* one gene—one enzyme” 
hypothesis. 

The controversial phenomenon of enzyme adaptation in bacteria, 
generally assumed to be a matter of the function of extra-nuclear 
reproductive units or ** plasmagenes”’, is dealt with in admirably 
clear fashion by J. Monod in the closing article. 

The second Symposium, on biological oxidation of aromatic 
rings, is perhaps of interest only to specialists. It derives im- 
portance from consideration of the metabolism of aromatic 
substances such as tyrosine, steroid hormones, etc., and also of 
materials such as the carcinogenic hydrocarbons. It is a field 
which leans heavily on “* model” reactions of the organic chemist 
for interpretation, but in which recently developed techniques, such 
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as the isotope tracer method and the method of simultaneous 
enzyme adaptation, are yielding decisive new information. 

In The biochemistry of fish, the occurrence and properties of 
characteristic proteins, fats, carotenoids and bile salts in various 
fish species are considered. Of general physiological interest is the 
paper by E. Baldwin, on comparative biochemistry of fish, which 
discusses in an absorbing fashion the problems of nitrogen excretion 
and water balance in freshwater and marine fish in the light of the 
adjustment of these forms to their environments. 

The last Symposium reviewed, The biochemistry of fertilization 
and the gametes, is of considerable medical and physiological 
interest. A. U. Smith deals with the problems involved in attempts 
to effect completely in vitro fertilization of mammalian eggs, an 
objective which has still not been unequivocally attained. Out- 
standing are the articles of T. Mann and of C. Lutwak-Mann, 
reviewing their recent, searching biochemical studies on mammalian 
semen, the metabolism of sperm cells and the hormonal factors in 
the metabolism of male accessory organs. G. I. M. Swyer reviews 
a controversial subject—the physiological role of hyaluronidase and 
other “‘ spreading factors” in penetration or dissolution of the 
cumulus layer of the mammalian egg during fertilization. The view 
is held that the use of hyaluronidase preparations clinically, in 
treatment of human infertility, is of doubtful value, especially in 
view of recent work of Austin demonstrating that fertilization may 
occur prior to dissolution of the cumulus layer. Lord Rothschild 
contributes a paper on gamones, substances which exert chemo- 
taxis on plant spermatozoa, and on metabolic changes accompany- 
ing fertilization of the sea-urchin egg. Biochemistry of sexual 
reproduction in plants is also considered by L. E. Hawker. 


A. L. Lehninger 


Practical Electron Microscopy 


V. E. Cosslett. London: Butterworths Scientific Publications, 
1951. xiii + 299 pages ; 147 figures. 25 x 16cm. £1 15s. 


As the author says in the preface, and as the list of contents 
shows, this book is “‘essentially an introduction to the basic physical 
features and to the functioning and operation of the several parts 
of the instrument ’’. Therefore it has no particular appeal to make 
to medical or biological readers except the few who have to operate 
their own electron microscopes. Those who wish to learn, and 
indeed to feel, the striking impact which electron microscopy has 
had on several biological fields, are probably better advised to read 
R. W. G. Wyckoff’s Electron microscopy (Interscience Publishers 
Ltd., London, 1949). 

Cosslett does not ignore biological results. Indeed, he does 
justice to them as part of the fuller picture of electron microscopical 
achievement. His book, however, caters particularly for the 
operator with a physical training, and indeed for physicists generally, 
and must surely become indispensable to British electron micro- 
scopists, as is von Borries’s Ubermikroskopie (Aulendorf, Wiirttem- 
berg, 1949) to Germans. 

In many respects these two recent books are comparable, especi- 
ally in the treatment of electron lenses and of the general physical 
principles governing the design and construction of the instrument. 
Incidentally, Cosslett’s book includes a notably factual and unbiased 
history of the development of the instrument, which ought to clear 
the air in this controversial matter. Certainly most readers will 
agree with his statement that “* American workers have taken up 
and greatly improved the various methods originally pioneered by 
the Germans ’’. 

The chapter dealing with photographic processes incidental to 
this form of microscopy is particularly valuable and many will 
appreciate also the discussion of methods determining magnification 
and of the use of standard objects. Under “ Operational require- 
ments ”’, aberrational defects are dealt with on a broad basis and a 
knowledge of this chapter will surely lead to better results in many 
laboratories. The section on specimen techniques owes much to 
the Cambridge summer school in electron microscopy which 
Cosslett organized and whose various teachers have collaborated 
in a recent manual under the editorship of D. G. Drummond, 
The practice of electron microscopy (Royal Microscopical Society, 
London, 1950). 

The general standard of printing and presentation throughout is 
excellent although the quality of the paper might be improved. 
The photographic reproductions are adequate, but in numerous 
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instances the author has preferred a Cavendish Laboratory, or at 
least a British, picture to one of superior quality of the same object 
to be found in the literature. For example, the pseudo-replica of 
a crystal of bean necrosis virus in fig. 120 does not compare favour- 
ably with the classical tobacco necrosis crystal replica of Markham, 
Smith and Wyckoff. The pictures of tobacco necrosis virus in 
fig. 119 and of B. coli bacteriophage in fig. 88 have also been con- 
siderably improved upon. This should not be taken as any reflec- 
tion on the standard of microscopy at the Cavendish Laboratory or 
elsewhere in Great Britain, but represents merely general experi- 
ence that outstandingly good micrographs come from laboratories 
scattered all over the world. 

Dr Cosslett is to be congratulated on a most readable and practical 
book at a reasonable cost. 

A. S. McFarlane 


The Mode of Action of Anaesthetics 


T. A. B. Harris. Edinburgh: E. & S. Livingstone Ltd., 1951. 
xii + 768 pages; 22 figures. 22 x 14cm. £2 2s. 


It is a privilege to review this book which, it is to be hoped, will 
mark a turning-point in the story of anaesthetic publications. Here 
is a volume worthy of the scope and depth of the specialty of 
anaesthesia. In any branch of medicine a sound knowledge of the 
basic sciences is, to say the least, important, but in anaesthesia such 
a background is the essence of the subject. Anatomy, physiology 
and pharmacology must ever be ** imminent ”’ in the minds of those 
practising the specialty. Dr Harris has tried to build his house on 
these sure foundations. He has described everyday observations 
and methods, but has introduced them through basic principles and 
the result is not only a volume of the greatest interest, but also a 
source of stimulation for research workers for many years to come. 
There is not one page which will fail to evoke thought and not 
infrequently challenge. 

The book is divided into four parts. In the first, “‘ Narcotics”’, 
the chemical nature of drugs having a narcotic action is discussed, 
an attempt is made to relate their chemical constitution to their 
pharmacological effects, and in the final section the nature of the 
intracellular changes upon which narcosis depends is described. In 
part two, the physical principles involved in the absorption of 
inhalational anaesthetics and their selective action on the central 
nervous system are delineated. Dr Harris’s mathematics in this 
section are impressive to one who is not a mathematician. An 
attempt is made to rationalize the clinical signs of inhalational 
anaesthesia, and the effects of the depression in stages of the various 
levels of nervous activity are described in detail and with a precision 
which is not to be found in any other volume. Intravenous, rectal 
and local anaesthetics are given an equally detailed and compre- 
hensive treatment. In the first part of the third section the signifi- 
cance of the signs of anaesthesia is still further amplified and an 
effort made to trace the effects of depression of discrete parts of the 
cerebrum, and of the nuclei of the mid-brain and medulla. This 
is followed by an excellent review of the mechanisms of neural 
and neuromuscular transmission, and the section concludes with a 
discussion of the relaxant agents and their place in anaesthesia. 
The final two long chapters in the book are devoted to metabolism 
during anaesthesia. The scope of the work is comprehensive and 
the treatment of the material refreshingly and most acceptably 
original. 

This knowledgeable book has been produced not by one of the 
more academic departments of anaesthesia, but by a practising 
clinician, and this may explain two features of the work which are 
open to criticism. The first is apparent from the moment the book 
is opened. The style of writing is unnecessarily involved, and at 
times quite abstruse. It is in no way an easy book to read and one 
feels that the difficulty is not inherent in the subject-matter. The 
second point of criticism is more serious. The author states that 
‘“* This book is an effort to present the mode of action of anaes- 
thetics in Man as a complete story”. The story is, however, very 
far from complete, and it is anxiety to present such a rounded-off 
whole that has led Dr Harris astray. The author is clearly aware of 
this, for he suggests in the preface that “* Perhaps the writer has been 
too ready to accept logical probabilities based on accepted facts in 
order to complete the story”’. The reader is led along the road by 
well-established signposts so far, but where these signposts are 
absent the author does not hesitate to choose a path for him. There 
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is some reason to fear that the obvious erudition of the writer in 
regard to the known facts may lend authority to opinions which 
are purely personal, and sometimes extremely speculative. The 
reader must be prepared to accept many of the opinions, often 
expressed in the most authoritative style, only with considerable 
reservations. 

The book is beautifully printed on pleasant mat paper, and in all 
its 768 pages the reviewer has spotted only one misprint. This is 
a volume which must be possessed by every teacher of anaesthesia 
and studied by every postgraduate student of the specialty; and 
there will be few consultants whose practice would not be improved 
by perusal (albeit in small doses at a time) of its pages. 


T. C. Gray 
Mécanisme de la Narcose 
Centre National de la Recherche Scientifique. Paris: Centre 
National de la Recherche Scientifique, 1951. (Colloques 


Internationaux du Centre de la Recherche Scientifique XXVI, 
Paris, 19-26 Avril 1950.) 218 pages; figures. 27 x 21 cm. 


It is some time since the action of narcotics has been discussed 
or reviewed in detail and at a length sufficient to include most of 
the special aspects of the subject. Here is a collection of contri- 
butions from points of view which extend from those of the neuro- 
physiologist to those of the physical chemist. In the majority of 
these papers, new or very recent experimental evidence is presented, 
so that an excellent impression is gained of current investigations. 

Selecting, first, those contributions in which the agents are dis- 
cussed from the view-point of inducing narcosis in higher animals: 
Buchel &-Lévy discuss the metabolism and persistence in animals 
of barbiturates, in relation to characteristics of their action in vivo, 
and Haldane describes the phenomena of narcosis by inert gases. 
Depressants which are synergistic in vivo are found by Buchel to 
act synergistically on respiration of separated cerebral cortex slices. 
The in vitro aspect of this phenomenon is reviewed in detail by 
Quastel. Parallelism exists between many aspects of the action of 
several narcotics on respiration of separated tissues, and their 
action in vivo. That this parallelism is a strictly limited one is 
emphasized by Mcllwain & Buchel. Respiration may be inhibited 
in vivo and in vitro—but glycolysis is accelerated in vitro (as indi- 
cated by Rosenberg) and inhibited in vivo; inorganic and creatine 
phosphates also change in opposed senses under the two conditions. 
In vitro, energy-yielding reactions are inhibited first, but, in vivo, it 
appears more likely that their inhibition should follow a depression 
of functional activity. 

For the possible nature of the functional activity which is de- 
pressed, neurophysiological evidence is forthcoming. Posternak & 
Larrabée describe depression of the action potential and of synaptic 
transmission in a sympathetic ganglion, by a variety of agents. 
Actions of local anaesthetics are described by Lambin & Bazin. 
Monnier reviews effects on transmission on the part of various 
agents, including narcotics, and indicates that narcotics can depress 
impulse propagation in isolated nervous systems in more than one 
way. The membrane potential or action potential or both may be 
disturbed. Ether lowers both of these; cocaine, only the action 
potential; Mg, CO,, or higher alcohols increase the membrane 
potential while lowering action potential. Changes in membrane 
potential, action potential, and rectifying properties of axons under 
the influence of narcotics are also described by Arvanitaki & 
Chalazonitis. In these cases, experimental work is not concerned 
with the central nervous system, but the implications to narcosis 
proper are evident; both the latter papers describe initial phases of 
hyperexcitability associated with the action of narcotics. Excita- 
tion of sensory mechanisms by narcotics is described by Poussel, and 
of a motor activity induced by morphine-like compounds, by 
Bergel, Parkes & Sacra. 

There are also many contributions describing changes brought 
about in a variety of biological systems, by substances which in 
higher animals are narcotic, or by substances chemically related to 
narcotics proper. Some are reviewed by Heilbrunn (especially in 
relation to calcium salts and viscosity) and by Gayaudan; work on 
the action of narcotics on mitosis is described by Ostergren, and on 
bacterial luminescence by McElroy. This includes an account of 
the antagonism of the action of narcotics on a complex enzyme 
system, by high hydrostatic pressure. The action of narcotics on 
impedance of muscle is studied by Fessard & Koller; here, little 
change is found except by high concentrations of the agents. 
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Normal concentrations show a slight increase in impedance, per- 
haps meaning a slightly decreased ionic permeability. Changes 
in permeability are also considered by Lindenberg & Polonovski, 
but their evidence is indirect, being derived from correlations of 
various properties in series of compounds and their thermodynamic 
assessment. This approach is a generalization of that of H. H. 
Meyer & Overton which is described in the symposium by K. H. 
Meyer. It is also employed by Ferguson and by Gavaudan and 
impresses because of the diversity of phenomena it can connect. 
Contributions are in French or in English and brief discussion 
follows most of the papers. Each gives a bibliography, often con- 
siderable, and several contributions have also a historical introduc- 
tion. The organizers are to be congratulated on their timely choice 
of this subject for an international colloquium. 
H. Mcliwain 


Selective Toxicity with Special Reference to Chemo- 
therapy 


Adrien Albert. London: Methuen & Co. Ltd., 1951. 
(Methuen’s Monographs on Biochemical Subjects.) xii + 
228 pages; 5 plates. 17 x 11 cm. 7s. 6d. 


The greater part of this small book is packed with interesting 
facts dealing with the reactions that take place between chemical 
substances and living cells and organisms. The presentation is 
clear and the references are comprehensive. 

Criticism must be directed to the choice of the title, and to parts 
of the introduction and the epilogue. Despite the introductory 
paragraphs there is little in the book about insecticides and weed 
killers, while some of the observations about them might have been 
omitted with advantage. Benzyl benzoate is not used as a repellent 
in the treatment of scabies. The organo-phosphorus compounds 
cannot be described as ** reasonably non-toxic to man”. The action 
of dinitro-orthocresol as a weed killer is discussed but otherwise 
one is led to believe it was only a chemical curiosity until used for 
this purpose. These observations in the first chapter lead one to 
suppose that the author knows too little about the general back- 
ground of this subject. As a result he has attempted a synthesis of 
facts about toxicity without adequate information. This attempt 
has been carried to absurd lengths in the epilogue where the author 
advocates the setting up of institutes to study the subject of “* selec- 
tive toxicity”. He complains that institutes usually “* relate their 
research programmes to specific topics, such as the chemotherapy 
of tuberculosis or the destruction of the flour-moth ” but that no 
institute is devoted to the study of the “ principles of selective 
toxicity ”’. 

There cannot be principles in this purely empirical though 
fascinating conception of selective toxicity. Chemical substances 
prove toxic when they disturb the chemical or physical status of the 
living cell. What is needed is more information on the function of 
normal cells, be they plants, animals, parasites or predators, and 
knowledge of the ways in which these functions may be disturbed. 
Only when we have this knowledge will it be possible to suggest 
selectively toxic agents. The author describes the phenoxyacetic 
acid series of selective weed killers but fails to emphasize that this 
work sprang originally from a study of the natural growth factors 
(auxins) in plants. 

Success came in the past, and probably will often come in the 
future, from methods of trial and error or the applications of the 
results of chance observations, but the possibility of planned experi- 
ments in selective toxicity will arise only when the existing research 
institutes provide more information on the behaviour of the tubercle 
bacillus or the flour-moth. Advances in the applications of selective 
toxicity will be made by those who can synthesize facts available 
in the fields of biochemistry, biophysics and mammalian, plant or 
insect physiology and anatomy. To help such progress it is 
necessary to have such fundamental knowledge accessible in a clear 
and succinct form. The author has set an excellent example in 
chapters II—-V of this book. He has little new to say about chemo- 
therapy and it is interesting to see how the relatively static concepts 
of Ehrlich and his “* drug receptors ”’ still survive in spite of all that 
is known about the dynamic state of all body tissues, including even 
fat and bone. 

It is to be hoped that R. A. Peters’s work on the toxicity of 
fluoroacetates will lead people to think several steps beyond the 
mere introduction of a drug into a biological system in their search 
for an explanation of the reaction that it may produce. 

J. M. Barnes 


Brit. med. Bull. 1952 
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Prothrombin Deficiency 


Rosemary Biggs. Oxford : Blackwell Scientific Publications, 
1951. ix + 83 pages ; 14 figures. 22 x 14cm. 10s. 6d. 


This short monograph does not deal at all with the clinical 
syndromes of prothrombin deficiency, and only incidentally with 
prothrombin deficiency brought about artificially by giving anti- 
coagulants such as dicoumarol; it is concerned with the technique 
of laboratory determination of prothrombin deficiency. This 
problem is of great importance because the present methods of 
control of anticoagulant treatment depend for their safety on the 
use of proper methods of estimating prothrombin. Dr Biggs 
explains very clearly the difference between the one-stage technique 
of Quick and the two-stage technique of Warner, Brinkhous and 
Smith, and she points out that neither gives a better measure of 
** prothrombin concentration ” because the two methods are really 
measuring different things. They are complementary: the one- 
stage method has proved the better for the practical control of 
anticoagulant treatment; the two-stage method has been more 
useful in sorting out the intimate details of the coagulation process 
—in particular it enables us to study the speed of thrombin forma- 
tion, and variations in the prothrombin accelerators (Factor V). 
Dr Biggs also points out that arguments about the best method 
of expressing the results of the tests—for example, prothrombin 
“* index ” versus prothrombin “ concentration ’—are also based 
on misconceptions. The methods used indicate the efficiency of 
thrombin formation and not, certainly, only prothrombin variation. 
Under these circumstances, the best way of dealing with the matter 
is to adopt a good technique suited to the problem to be investi- 
gated or the clinical pathology to be followed, to stick to that 
technique rigidly and to become familiar with its normal variation. 
The choice of the right method is made easy for the reader because 
Dr Biggs provides excellent appendices that set out the technical 
details very completely. Methods using Russell viper venom, with 
or without lecithin, are not recommended. 

This book provides a very good account of the theoretical back- 
ground of the prothrombin tests and, in spite of the fact that it is 
already out of date, it still gives information not readily obtainable 


elsewhere. 
M. C. G., Israéls 


Antibiotics: being the Fifty-Second Robert Boyle 
Lecture, Delivered Before the Oxford University 
Scientific Club on June Ist, 1950 


Howard Florey. Oxford: Blackwell Scientific Publications, 
1951. 35 pages; 22 figures. 22 x 14cm. 6s. 


This little book on antibiotics is the fifty-second Robert Boyle 
Lecture delivered before the Oxford University Scientific Club on 
1 June 1950. It provides a useful summary of this subject, dealing 
in turn‘ with its historical development, the methods used for detect- 
ing and isolating antibiotics, their manufacture, their chemistry, 
and the various experimental procedures that are necessary before 
these therapeutic substances can be applied to the treatment of 
natural infections in man. A special feature of this book is the 
large number of excellent illustrations showing the types of micro- 
organisms from which antibiotics are derived, the sort of cultures 
used for detecting their presence, including Sir Alexander Fleming’s 
original culture, and the apparatus used for their manufacture in 
large quantities. This book will indeed be a welcome addition to 
the library of the intelligent reader who wishes to have a compact 
source of information on this most important and highly topical 
subject. 

F. R. Selbie 


The Physiological Basis of Medical Practice: a Text 
in Applied Physiology 
Charles Herbert Best & Norman Burke Taylor. 5th edition. 
London: Bailliére, Tindall & Cox, 1950. xiii + 1330 pages; 
601 figures. 26 x 18cm. £4 4s. 
The five years which separated the 4th and Sth editions of this 
book were marked by broad advances in physiological knowledge. 
This was particularly so in the two fields which might be said to be 
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at either end of the physiological spectrum, viz.: the fundamental 
properties of specific tissues, and the physiological adaptations 
which occur in man in health and in disease. The Sth edition is a 
worthy successor. The manner in which new material has been 
incorporated and some of the earlier work condensed excites our 
admiration. 

One reason why this book achieved an immediate success, which 
subsequent editions have strengthened, was the singleness of purpose 
which ran through the whole text. Here was an attempt on the 
part of no more than two physiologists to link the laboratory and 
the ward. Specialists there might have to be, but a text for the under- 
graduate need not necessarily imply a panel of experts, more or less 
under editorial supervision, each to develop his own theme. 
Professor N. B. Taylor has been responsible for all but two chapters 
in this edition. The style and presentation which distinguished the 
former editions have been maintained. 

The authors are too modest in their claims. The book certainly 
links the laboratory and the clinic and promotes the continuity of 
physiological teaching (itself a pressing problem in the medical 
curriculum of today) throughout the preclinical and clinical years 
of the undergraduate course, but it most certainly should not be 
restricted to the undergraduate. All graduates, of whatever year, 
whether in physiology or medicine, would be the better for the 
perusal of the contents of this edition. 

Even though medicine and its cognate subjects are incapable of 
rigid classification as art or pure science, medical textbooks ought 
not to disdain to employ certain features which are the common- 
place of most standard texts in the pure sciences. At the risk of a 
charge of churlishness may we enter a plea for at least three changes 
in the next edition: first, more legible and somewhat larger illustra- 
tions, particularly where graphic material is depicted; indeed the 
whole question of the figures should be critically re-examined: 
second, the incorporation in the text of referring numerals (or 
alternatively any other method) which would enable the reader to 
ascertain more readily the source of the original material. Finally, 
where figures are quoted, mean values and ranges should also be 
given with their source. 

C. C. N. Vass 


The Vitamin B Complex 


F. A. Robinson. London: Chapman & Hall Ltd., 1951. xi + 
688 pages. 22 x 14cm. £3 


To keep abreast of the expansion of research on the vitamins 
which are embraced within the term “ vitamin B complex ”—and 
this includes all the more recently characterized vitamins—is well- 
nigh impossible except perhaps for experts like Mr F. A. Robinson, 
whose knowledge of this field has been gained from years of ex- 
perience within it. It is therefore very useful to have all this recent 
work contained within one volume and it is hoped that the author 
will keep it up to date by timely further editions. 

The vitamins of this group (which includes aneurin (thiamin), 
riboflavin, nicotinic acid (niacin), pyridoxine (adermin), panto- 
thenic acid, biotin, the folic acid complex, vitamin B,, (erythrotin), 
p-aminobenzoic acid, inositol, choline and certain miscellaneous 
water-soluble growth factors) are dealt with in a systematic fashion, 
prefaced in each case by a useful historical introduction. Brief 
accounts of the isolation, chemical constitution, properties, and 
methods of estimation of each vitamin, are also given. If a fault 
can be found, it is when we come to the effects of deficiency of the 
vitamins, when the narrative is rather a card-index-like account. 
However, the concluding paragraphs, which are on function, help 
to pull the intermediate paragraphs together. 

The author brings out that the members of the vitamin B complex, 
although chemically diverse, constitute a group of biologically 
related substances, responsible for effecting transformations of 
fundamental importance to the life of organisms ranging in com- 
plexity from men to bacteria. He considers them as some of the 
building-blocks around which the fabric of all living structures is 
built—perhaps rather a static view and one hardly in keeping with 
the author’s main theme. 

In the concluding chapter the author points out the paramount 
importance of aneurin, riboflavin and nicotinic acid in human 
and animal nutrition, notwithstanding the fact that these substances 
may sometimes be synthesized in the intestine by the microflora. 
Pyridoxine and pantothenic acid would appear to be of less import- 
ance, whilst the other members of the complex are probably never 
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responsible for serious deficiency diseases in man, or, for that 
matter, in animals, except under very artificial conditions. Practi- 
cally all these B vitamins appear to be concerned in carbohydrate 
and fatty acid metabolism. 
There are very full author and subject indexes and each chapter is 
well documented with references. 
D. P. Cuthbertson 


Genetics and the Races of Man: 
Modern Physical Anthropology 


William C. Boyd. Oxford: Blackwell Scientific Publications, 
1950. xvii -+ 453 pages; 52 illustrations. 21 x 14 cm. 
£1 10s. 


A most fortunate cross between immunochemistry and genetics, 
in the person of Professor W. C. Boyd, of the School of Medicine, 
Boston University, USA, has resulted in an outstanding work on 
physical anthropology. The value of the result was rendered 
almost certain by the facts that the discipline of modern genetics 
has not hitherto been applied to anthropology, and that almost 
our only exact knowledge of inheritance in man is concerned with 
the blood groups, if conditions too rare to be of value in throwing 
light on differences in the gene make-up of populations are excluded. 

Professor Boyd begins his book with a survey of possible ap- 
proaches to physical anthropology and, having dismissed as passé 
the measurement of bones, concludes that the examination of 
genetically controlled traits is likely to be the most profitable line 
of advance. Those characters that seem to have least survival 
value and can therefore be supposed to be relatively non-adaptive 
will be of most value in studies of the races of man and their 
contacts and intermingling in the past. These characters include 
the blood-group antigens and other characters such as finger-print 
patterns. He then states a future aim of physical anthropology 
that, if realized, may transform it from a classificatory and obser- 
vational science into an experimental science : 

The most compelling reason for the examination of genetically determined 

traits, rather than anthropometric measurements, should now be restated. 

Once we begin to acquire a fairly thorough knowledge of human genetics, we 

can begin to attempt to trace the inheritance and distribution of genes which 

actually influence human behavior. As examples of such genes, which may 
be very numerous, we may mention the genes which undoubtedly exist which 
influence endocrine development and endocrine balance in the individual. 

After this introduction about a third of the book is devoted to an 
exposition of the principles of genetics; then follows an examina- 
tion of the concept of race and the light thrown on the races of man 
by our knowledge, at present incomplete, of blood-group distri- 
bution. Considerable appendices dealing with the mathematical 
treatment of genetic data are included. The author’s definition 
of a race is 


an Introduction to 


: + « @ population which differs significantly from other human populations 
in regard to the frequency of one or more of the genes it possesses. It is an 
arbitrary matter which, ~~ how many, gene loci we choose to consider as a 
significant ** constellation ” 

His conclusion from an examination of the blood-group data is 

that man may be divided into six races: Early European (hypo- 

thetical), European (Caucasoid), African (Negroid), Asiatic 

(Mongoloid), American Indian, and Australoid—a division that 

receives support from other data. 

The book is written in an engaging manner by a man who is 
merciless towards woolly thinking by others and, judging by its 
absence in the book, in himself. It can be wholeheartedly recom- 
mended not only to those with a professional interest in its subject 
but also to the student and general reader with an interest in the 
api .ication of the study of genetics to man. 

M. V. Tracey 


The Electrical Activity of the Nervous System: 
A Textbook for Students 


Mary A. B. Brazier. London : Sir Isaac Pitman & Sons, Ltd., 
1951. x + 220 pages ; 96 figures. 22 x 14cm. £1 5s. 


As a presentation, under one cover, of the basic information 
about nervous activity as revealed by electrical changes, Dr 
Brazier’s book could hardly be bettered. The text is clear and 
interesting, the illustrations have been very well selected, and the 
presentation of the book is admirable. An excellent bibliography 
of nearly 500 references, with complete titles, is offered; it does not 
pretend to cover any of the clinical aspects of the subject. 
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At the same time, one may pause to consider the class of reader 
to which this volume makes most appeal. It contains an authori- 
tative and attractive account of neurophysiology suitable for students 
of physiology, but little more than can be extracted (admittedly 
with more inconvenience) from one of the larger modern textbooks 
of physiology. For students of medicine, the applied aspects are 
treated slightly; the electromyogram is not referred to, and the 
account of chronaxie is inadequate in the light of recent observa- 
tions. Synaptic transmission, and saltatory conduction, two of the 
most important and interesting aspects of modern research in 
neurophysiology, are not allotted the attention that one might 
expect. 

Dr Brazier deliberately avoids any consideration of technique, 
which she maintains can be learnt only in the laboratory; this is 
true as regards detailed application, but not as regards many of the 
principles which are so hard to come by in any literature bearing 
on neurophysiology, and which one might hope to find in a book 
devoted to the electrical activity of the nervous system, and selling 
at the price charged. 

In the reviewer’s opinion, the appeal of this book is to three 
types of reader: firstly, the student of physiology who is willing 
to pay £1 5s. for a co-ordination of the material on electrical 
activity which he is required to know; secondly, the older reader 
who wishes to obtain an attractive survey of a field which has 
rapidly expanded; and in the third place, the teacher would find 
it an excellent source-book. 

The impression left after careful reading is that a certain amount 
of additional material would greatly increase the value of the book ; 
the conception and execution of the volume as it is are so admirable 
that one hopes for more from Dr Brazier’s very extensive experience 
in modern research, in clinical application and in the fundamentals 
of technique. Such a book is badly needed at the present time, 
and this volume, excellent as far as it goes, would form an ideal 
basis for expansion. 

Anthony E, Ritchie 


Micro-Arteriography and other Radiological Tech- 
niques Employed in Biological Research 


Alfred E. Barclay. Oxford: Blackwell Scientific Publications. 
1951. xiii +102 pages; 46 illustrations. 25 x 19 cm. 
£1 10s. 


This book can be divided into three almost equal sections. The 
first is akin to an exciting historical novel, in which the history is 
very recent and the story factual. One can almost share the 
author’s enthusiasm and exhilaration as he recapitulates the various 
developments of his research work which lead up to micro-arterio- 
graphy. 

The second section is a careful description of the techniques used 
in cineradiography and micro-arteriography, and is in sufficient 
detail to be of great value to anyone working along these lines in the 
future. Probably owing to a typographical error, the lead equiva- 
lent of the protective aprons is given in inches instead of millimetres 
(p. 21); otherwise the information is helpful and accurate. 

One can only be amazed how well the author has succeeded with 
very simple equipment, and it is a fine object-lesson on the import- 
ance of the man relative to his apparatus. For cardio-angiography, 
apparatus is now available which can reach a speed of 10 casette 
changes per second; this is only slightly faster than that of the 
machine described, but it represents a cost in money far in excess 
of what was available to the author. A non-shock-proof fixed 
anode tube used in his experiments (fig. 8) is an indication of the 
small financial resources available; nevertheless it served him well 
in many of his earlier experiments. 

The technique of micro-arteriography is well deseribed, but it is 
unfortunate that there is no illustration of the actual x-ray tube, its 
mounting and the casette. An ingenious adaptation of an engi- 
neer’s calliper for measuring the width of directly visible arteries is 
illustrated in fig. 4. 

A valuable chapter, by Dr R. G. Harrison, on the selection and 
injection of contrast media, concludes this part. 

The remainder of the book consists of a selection of beautifully 
reproduced micro-arteriographs of the kidney, stomach and testis, 
which show, in a most convincing manner, the value of these 
radiological techniques in the investigation of vascular architecture. 
The accompanying text is most stimulating although it tends to 
over-emphasize the importance of arteriovenous shunts, such as 
were demonstrated in the kidney. These shunts, undoubtedly 
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commoner than is usually realized, are but one way in which the 
vascular system adapts itself to the functional needs of an organ. 
Every incomplete injection does not necessarily indicate the presence 
of an arteriovenous shunt and it is imperative to have evidence of 
increased oxygen content of the venous blood such as is described 
on pages 84-87. Micro-arteriography is an important addition to 
the techniques employed, both by anatomists and physiologists, in 
the investigation of vascular architecture and function, but it must 
be used in conjunction with other modes of investigation, particu- 
larly injection methods which allow of visualization of the injected 
vessels in relation to cellular architecture. 

Finally, this book has a frequently, recurring theme which is 
more important than the new techniques described therein. As a 
result of his studies, the author has been profoundly impressed by 
the functional adaptations shown by the vascular system. He 
constantly stresses the fact that the vascular pattern of any organ, as 
revealed by any injection technique, is directly dependent upon the 
physiological needs of that organ under the conditions prevailing 
at the time of injection. 

H. Butler 
G. Simon 


Proceedings of the London Conference on Optical 
Instruments, 1950 


London: Chapman & Hall Ltd., 1951. xv + 264 pages; 
illustrations. 22 x 14cm. £2 2s. 


Among the conferences organized since the war by the Royal 
Society not the least successful was the London Optical Conference 
held in July 1950. It attracted optical physicists from all parts of 
the world, while the papers read and the discussions which took 
place were of a high order. 

This volume contains a complete report of the papers and a 
summary of the more important points in the discussions, the 
material being admirably edited by Dr H. Wright of the Imperial 
College of Science. Sir Thomas Merton, the President, in his 
opening address, described the part which optics had played in the 
advancement of science and indeed in the growth of civilization. 
He emphasized the great activity in the field of microscopy today 
and showed that as optics is now an applied science it is essential 
that those carrying on research in this science should maintain the 
closest possible liaison with workers in every other field of scientific 
activity. 

Among the 22 papers there are many of the greatest interest to 
medical men. Three important communications, by F. Scandone, 
F. W. Cuckow, and M. Francon, relate to the phase contrast micro- 
scope; reflecting microscopes were discussed by R. Barer, A. 
Bouwers and D. S. Grey, the last of whom reported a family of 
catadioptric microscope objectives. Another series of able 
papers dealt with new developments in photographic and projection 
lenses. All those who wish to keep abreast of recent developments 
in the science of optics in relation to medical science should read 
this volume. It is beautifully produced and is provided with 
adequate subject and author indexes. 


G. M. Findlay 


Medical Botany: a Hand-Book for Medical Men 
and All who are Concerned in the Use of Plants: 
Nutritionists, Dieticians, Pharmacists and Veteri- 
narians 


Alexander Nelson. Edinburgh: E. & S. Livingstone Ltd., 
1951. xi + 544 pages ; 16 plates ; 13 figures. 22 x 14cm. 
£1 10s. 

Physiologists, doctors and veterinarians all learn some botany 
in their student days, but by the time they have qualified in their 
particular field they have probably forgotten most of what they 
knew, and they little realize how nearly allied to some of their 
own problems of the animal or human are those of the plant 
physiologists. Dr Nelson brings out some of these similarities, for 
example, the relation between the metabolism of calcium, mag- 
nesium and phosphorus in plants and in animals, and the effects 
of a deficiency of iron. He mentions differences also, such as that 
sodium is important to animals but not to plants. But all this is by 
the way. The main theme of this book is a description of plants as 


Vol, 8 No. 2-3 


foodstuffs and as drugs, written by a botanist to help those respon- 
sible for the care of animals and human beings. 

The book is divided into four main sections: the first two deal 
with plants as foods and the last two with plants as drugs and 
poisons and as positive causes of disease. The first two sections 
occupy four-fifths of the book. In the first, the various dietary 
constituents are discussed, with particular reference to their occur- 
rence in plants which are used as foods. The second section deals 
with all the different classes of vegetable foodstuffs in considerable 
detail, and the structure of plants in relation to their value as foods 
is constantly emphasized. Most plants which are used as foods 
belong to the phanerogams or flowering plants, though there are a 
few foodstuffs derived from the cryptogams, e.g. mushrooms and 
other fungi, and also the yeasts. The flowering plants may for 
practical purposes be divided into two sections. Firstly, there are 
the foodstuffs of a ‘“‘ vegetative nature” which include leafy 
vegetables and fleshy roots, tubers, bulbs, corms and rhizomes ; 
secondly, there are the foodstuffs which develop on the parent 
plant only after fertilization. This second group may be further 
subdivided according to the water-content of the mature fruit or 
seed. On the one hand there are the fruits and seeds which are hard 
and dry, and on the other there are those which are fleshy and juicy. 
The dry seeds of plants, the grains, the pulses, the oil seeds and the 
nuts are the staple foods of mankind. They store well and are in 
fact the least perishable of foodstuffs. They are relatively con- 
centrated foods ; and they are of great importance because there 
are few parts of the habitable world on which a plant producing one 
member or another of this class cannot be grown. 

In the third section of the book, plants used as drugs are sub- 
divided in the same way as plants used as foods, and finally, the 
last section is devoted to those species of plants capable of causing a 
specific disability or disease. Allergy is the field in which a positive 
action of a specific plant in causing disease is most clearly established, 
and most of the last section is concerned with this subject. 

The value of this book lies in its presentation of the botanical 
background of a subject which closely concerns workers in the 
medicai and veterinary fields. The book is simply written—some 
may think the first section a little too simply—but the last three 
sections put together a great deal of information which is not 
readily available in such a concise form elsewhere. 


E. M. Widdowson 


Aspects of Form: a Symposium on Form in Nature 
and Art 


Edited by Lancelot Law Whyte. London: Lund Humphries, 
1951. ix + 249 pages; illustrations. 22 x 14cm. £1 1s. 


One of the original intentions of the Institute of Contemporary 
Arts, whose exhibition on “‘ Growth and Form” this book was 
designed to supplement, was to facilitate the exchange of ideas 
between the arts. This symposium represents an even wider and 
more important exchange between aesthetics, psychology, philo- 
sophy and natural science, in a field where a synthesis of great 
significance seems to be on the point of appearing. 

Form is seen by the natural sciences as the resultant of properties 
and forces existing in or acting on the object which exhibits it. 
From this view the form of real objects is an envelope resulting 
from an equilibrium. The aesthetician is concerned with the effect 
of certain forms and groups of forms on the emotions of a human 
viewer. Between these two approaches, and the third approach of 
the philosopher who discusses the primacy of object or of percipient 
in the system of “ reality ’’, psychology is now becoming able to 
provide a solid bridge, through the analysis of Gestalt perception 
and latterly, in conjunction with neurophysiology, through the 
study of the properties of the form-perceiving mechanism itself. 
Natural forms in the past and, more recently, abstract forms 
derived from the graphic depiction of mathematical systems, have 
proved immensely stimulating to the artist, and he, through his 
readiness to reconcile the parts of perceived form which come from 
the outside world with those which come from his own perceptive 
mechanism, is probably the ideal host for the extremely able contri- 
butions which make up this book. These include excellent essays 
by Professor Needham and Professor Dalcg on morphogenesis, by 
Dr Lorenz on Gestalt psychology (a study whose content more than 
compensates for the difficult style in which it is written) and by Dr 
Grey Walter on the. patterns of electrical activity in the human 
brain. Dr Herbert Read, who introduces the collection, has 








already discussed, in Education through art (Faber, 1943,) some of 
the relationships between personality and the drawing of sym- 
metrical abstract forms, and one would have liked to see an essay 
in this collection which would have related Dr Grey Walter's 
findings to some of Jung’s studies of the mandala-motif in art; 
but this is a small defect in view of the ground which the contri- 
butors cover. Another essay, by Dr H. B. Cott, gives an excellent 
survey of coloration and mimicry in animals; form in plants is 
discussed by Professor F. G. Gregory, and the psychoaesthetics of 
symbolism by Professor E. H. Gombrich. 

The most admirable feature of this book is not that the material 
is new (it is all familiar to workers in their several fields) but that 
in bringing it together the editor has sponsored a genuine exchange 
of approaches which will be of great value to any artist or scientist 
who is willing to concern himself with a general comprehension of 





Pupils with Physical Disabilities: a Report of the 
Advisory Council on Education in Scotland 


Scottish Education Department. Edinburgh: His Majesty’s 
Stationery Office, 1951. 73 pages. 24 x 15cm. 2s. 


Some Special Educational Problems of Physically 
Handicapped Children 


Report of an Enquiry conducted in 1949 by the National 
Association for Mental Health in conjunction with the 
Central Council for the Care of Cripples. National Associa- 
tion for Mental Health & the Central Council for the Care of 
Cripples. London: National Association for Mental Health 
[1951]. 72 pages. 21 x 14cm. 2s. 6d. 


Of these two reports, the first has the more comprehensive terms 
of reference. The Advisory Council on Education for Scotland, 
having the advantage of official figures and sources of information, 
has considered the whole problem of the educational needs of an 
important minority, that of physically handicapped children 
throughout Scotland. The voluntary bodies concerned in the 
second report (the National Association for Mental Health and the 
Central Council for the Care of Cripples) have chosen a narrower 
field: the relation of physical handicaps to backwardness and to 
maladjustment, and the resultant problems of organization within 
schools for physically handicapped children. 

The Scottish report groups physically disabled children under 
three headings—those whose vitality has been lowered, whether by 
unfavourable environmental conditions, or as the result of illness, 
and who require a prolonged period of convalescence; those who 
have a definite physical handicap which may or may not be im- 
provable; and epileptic children. Under the last heading were 
considered only those whose fits are serious or frequent enough to 
necessitate special educational treatment; and at an estimated 
frequency of 0.3 per 1,000 children of school age, it was felt that one 
or two residential centres would cover the needs of the whole of 
Scotland. More serious numerically are the other categories, and 
it is here that the disproportion between estimated need and existing 
facilities is greatest. The Council’s figures suggest that only one- 
fifth of all physically disabled children in Scotland are at present 
catered for, assuming an incidence of lowered vitality of 20 per 
1,000, and of physical handicap of 5 to 9 per 1,000, but, rather 
unfortunately, the detailed returns of local authorities do not 
distinguish between present provision made for these two groups. 
One therefore supposes that the greater part of the “* gap” con- 
sists in failure to provide special educational treatment for the 
lowered-vitality group, whose numbers are large and who merge 
rather indefinitely into the general population: from this point of 
view, the disproportion between need and facilities appears less 
horrifying. On the other hand, the elastic estimate given for the 
group with definite handicaps suggests that more children would be 
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form. It is a weakness of the book that the only explicit philo- 
sophical statement represented is Professor Dalcq’s modified 
Bergsonism. It is probably to Dr Grey Walter’s field of cerebral 
physiology that we should look for the next fundamental advance, 
and this may well be one which will show the traditional antithesis 
between the idealist and non-idealist concepts of form, present in 
the history of art since Plato, as resting on a misapprehension. 
The interlinked studies of brain pattern and of personality as 
assessed by psychometric tests have already done much to explain 
the divergence of aesthetic judgements between individuals. In 
bringing together many of these new ideas, both implicit and 
explicit, Mr Whyte’s collection opens the way to a widening 
synthesis between science and aesthetics which may well benefit the 
development of each. 


Alex Comfort 








ascertained if more facilities existed. In this connexion the Council 
makes sound recommendations concerning the necessity for early 
ascertainment, notification to the health and education authorities, 
and co-operation between medical, nursing and teaching personnel. 
The chapters on the educational needs and recommended provisions 
for the various groups are balanced, imaginative, and compre- 
hensive, and probably the only debatable recommendation is that 
specifically vocational training should be given in schools for the 
physically handicapped. 

The second report can be regarded as throwing copious light on 
some of the questions treated generally in the Scottish report. The 
range of intelligence and of attainments in a sample of 16 English 
schools for physically handicapped children was surveyed, and it 
was found that while 25% were dull (as compared with about 15% 
for ordinary schools), no fewer than 60% were backward in reading. 
Apart from poor ability, the main causes for this backwardness 
were gaps in schooling, changes of school and of method, emotional 
difficulties, and deprivation of normal experience. Difficulties of 
emotional adjustment were in many cases considered by the schools 
a more important problem than backwardness as such. The report 
ends with a number of practical recommendations which agree 
very largely with those of the Scottish report (except on vocational 
training), and which will be of interest to all who are concerned 
with crippled children, whether from the medical or the educational 
point of view. 


M. F. Cleugh 


Speech Habilitation in Cerebral Palsy 


Marion T. Cass. New York: Columbia University Press; 
London: Geoffrey Cumberlege, 1951. xi-+ 212 pages. 
22 x 14cm. £1 


Dr Cass was once a teacher of English and dramatic art and is 
now a speech therapist in New York; in her private practice she is 
associated with Dr Winthrop Phelps of Baltimore. She quotes 
Dr Phelps’s estimate that there are 150,000 persons in the United 
States of America with cerebral palsy, of whom about 75 per cent are 
thought to be educable. After summarizing, with many references, 
various theories of causation, she describes the different clinical 
types of cerebral palsy. Dr Phelps’s methods to achieve muscle 
re-education are advocated. After general relaxation is mastered 
the child is “taught to contract a muscle without moving the 
member, and subsequently, to let it relax by degrees.” 

There follow chapters on motor re-educational speech therapy, 
on methodology and on the teaching of sounds. Dr Cass’s aim is 
to lead the child with cerebral palsy over the steps taken by a normal 
child when learning to speak. The distinctive features of her 
technique are: (i) “* detailed work in speech rehabilitation should 
be attempted only after successful bodily relaxation and general 
muscle control have been established ’—relaxation is said to be 
assisted by “soft, restful music”; (ii) rhythmical breathing: 
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exercises are described; (iii) relaxation of the muscles of the head, 

face, neck and palate, followed by passive movement, then passive- 
assisted movement going on to active movement: many series of 
exercises are detailed; (iv) vocalization; (v) resonation: since the 
essential purpose of speech therapy for a child with cerebral palsy 
is the production of understandable and usable speech, a high degree 
of vocal quality is not sought, but the exercises used in the earlier 
stages of the technique help in the achievement of proper resonance ; 
(vi) the teaching of sounds. 

Dr Cass considers that a child with cerebral palsy should not 
have to work for longer than four hours a day and that this period 
should include half an hour each of speech therapy and physio- 
therapy. She does not give a factual statement of the results of her 
methods but she does warn that rapid progress cannot be expected 
and that false hopes should not be raised. To the reviewer she 
appears to be unduly optimistic when she writes that “‘ self-preser- 
vation and sex can serve as the same powerful motivators for the 
handicapped child as they do for the normal.” 

Speech therapists and physiotherapists will find much in this 
book to interest them. The problems presented by children with 
cerebral palsy are so difficult that any book by a worker experienced 
in their treatment merits reading. 

P. Henderson 


Sixth Report on the Work of the Children’s Depart- 
ment, May, 1951 


Home Office. London: His Majesty’s Stationery Office, 1951. 
v + 152 pages; plates. 24 x 15cm. 4s. 


The last report of the Children’s Branch (now known as the 
Children’s Department) was published in 1938. Since that date 
certain important legal changes have occurred, namely the Children 
Act, 1948, the Criminal Justice Act, 1948, and the Adoption Act, 
1950. Increased duties have devolved on the Home Office as this 
government department has now assumed central responsibility in 
England and Wales for children deprived of a normal home life. 
The first part of this most interesting and informative report is 
devoted to an account of the developments in child care since the 
findings of the (Curtis) Care of Children Committee’ and of the 
(Clyde) Committee on Homeless Children, and the passing of 
the Children Act. 


1 For a full review of this Report, see Brit. med. Bull. 1947, 5, 67. 


The latest complete statistics show that, on 30 November 1949. 
55,255 children were in the care of local authorities, of whom 35% 
were boarded out in foster homes. On the same date 28,760 child- 
ren, of whom 12% were boarded out, were cared for by voluntary 
organizations. As stated in this report, local authorities are now 
under a general duty to board out every child in their care, unless it 
is not practicable or desirable for the time being to do so. The 
highest percentage for children boarded out (73%) was obtained by 
the county of Cardiganshire. 

The report stresses the importance of skilful and imaginative 
boarding out and of the employment of trained field staff. Never- 
theless the question does arise in one’s mind whether the rather 
frequent changes of foster homes, which do occur, are not more 
disturbing to a child than continuity of care provided in a good 
family group home. Careful assessment in reception centres may 
assist in making the wisest selection of the type of care for a parti- 
cular child, but as yet it is too early to judge. 

Different methods of residential care are clearly described and 
evaluated. An important reference is made to the need for co- 
ordinating existing statutory and voluntary services to assist the 
child neglected or ill treated in his own home. An interesting 
section describes holiday arrangements for children “‘ taken into 


A detailed account is given of the various courses for the training 
of staff, promoted and supported by the Central Training Council 
in Child Care 

Chapter IV: gives a valuable account of the most important causes 
of juvenile delinquency. It is encouraging to know that “* it is now 
generally accepted that failure to meet the child’s need for security 
and affection is responsible for much juvenile delinquency ”’, even 
though difference of opinion exists concerning the methods of 
treatment. Much attention is paid to the information gained from 
the work of the “ classifying schools”’, five of which have been 
established since 1943. The value of research on juvenile delin- 
quency, and the part that psychiatric treatment of the delinquent 
may play, are given due notice. Considerable information is 
given concerning the work of “ approved schools” and remand 
homes, and on the nature of employment of boys and girls placed 
out from ‘ ‘approved schools ” 

In my opinion this Home Office report is of considerable im- 
portance and should be read by all those concerned in the difficult 
but rewarding task of making valuable citizens out of children and 
young people who present society with many problems. 


Agatha H. Bowley 
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Handbook of Diseases of the Blood 


A. Piney. London: Harvey & Blythe, 1951. 
4 plates; 11 figures. 22 x 14cm. £1 1s. 


Dr Piney has written his Handbook of diseases of the blood as a 
practitioner’s handbook, planned to contain “a distillate of the 
knowledge that has been acquired, first at the bedside and secondly 
in the various types of laboratories in which haematology . . . is 
pursued’. As the author says, however: “* Such a book should 
contain a sufficient amount of basic information on ‘ why’ but its 
aim should be the more practical one of * how ’ to use the knowledge 
in diagnosis and treatment ”’’. This is his excuse for an unconven- 
tional arrangement of the subject-matter which leads inevitably to 
considerable repetition. The main signs and symptoms are “ de- 
scribed in some detail, before going on to a more systematic account 
of the various diseases and syndromes ’”’. The anaemias, classified 
as haemorrhagic, haemolytic, iron deficiency, and myelophthesic, 
are discussed in eight chapters. The anaemias associated with the 
name of Banti are grouped in a chapter on symptomatic blood 
changes, under the heading of “ Liver”. The same chapter ranges 


x + 213 pages; 
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from appendicitis to dengue fever and erysipelas. Six chapters are 
devoted to the leukaemias and the reticuloses, and one to each of 
the following: haemorrhagic diseases, glandular fever and 
agranulocytosis. 

The book is illustrated with full-page pictures of red cells in 
different types of anaemia shown by the method of “ ombrage”’, 
x-ray pictures of skeletal and gastrointestinal lesions, and retinal 
changes in a variety of haematological conditions. 

While no general bibliography is given, a list of standard text- 
books and of journals dealing entirely with haematological prob- 
lems is placed at the end of the epilogue for those wishing to follow 
the most recent advances. 

Dr Piney hopes that his book “* may play some part in rescuing 
haematology from sepulture in the laboratory, and in restoring it 
to its rightful place—the bed-side”’. Why then does he describe 
the treatment of a rare disease like polycythaemia with radioactive 
phosphorus and say so little of the dietetic treatment of the more 
common, though often unrecognized, condition of steatorrhoea ? 


Janet Vaughan 





Primary Carcinoma of the Liver: a Study in In- 
cidence, Clinical Manifestations, Pathology and 
Aetiology 


Charles Berman. London: H. K. Lewis & Co. Ltd., 1951. 
xvi + 164 pages; 83 figures. 25 x 19 cm. £1 15s. 


This book presents carefully collected data covering the clinical, 
pathological and environmental aspects of cancer of the liver in 
man and in lower animals. The basis of the work is the author’s 
study of liver diseases in the Bantu natives of South Africa, and a 
comparison between his own and other South African writers’ 
experience with the world literature on the same subject. 

The book is divided into four parts, dealing with racial, clinical, 
pathological and aetiological aspects respectively, and each part 
concludes with a discussion and summary. The method of presenta- 
tion is clear and concise; the excellent illustrations, free use of 
tables, and the references in the text to authors and dates, make it a 
pleasure to read the book. The bibliography of 689 references 
covers adequately all aspects of the subject. 

The problem here presented commands the attention of anyone 
interested in the possibility of preventing cancer. Most medical 
men probably know of the extraordinary differences between the 
high incidence of liver cancer in the Bantu civilization and the low 
incidence in those of Europe and “* the West ”’, but few would know 
that primary liver cancer is about six times as common in the Bantu 
of Portuguese East Africa as in the genetically similar Bantu in the 
neighbouring Union of South Africa. The frequent association 
between cirrhosis and cancer is common to all races of man, and 
Berman records that in all the 75 Bantu cases of primary liver 
cancer personally studied by him cirrhosis was present as well. 

He draws attention to, among other things, the dietary deficiencies, 
notably in proteins, that are a common feature of the lives of South 
African natives. The shortage of milk is related to the poor grazing 
for cattle and to the ravages of the tsetse fly. Moreover, maize, the 
staple diet of the Bantu, is a particularly poor source of protein. 

Comparisons between the Bantu of South Africa and similar 
racial groups in the United States of America strongly suggest that 
environmental rather than genetic factors are responsible for the 
higher incidence of liver disease in the former. These factors must 
be specific and avoidable, for the white population in the same part 
of South Africa has a low incidence similar to that of European 
races. Thus, in Johannesburg General Hospital there were only 
4 cases among the white population in the ten years 1925-—34,.and of 
114 specimens of liver cancer only 4 were from white patients. The 
same sort of relationship exists in Indonesia, where cancer of the 
liver is common among the Javanese, Malays and Chinese and rare 
among the white populations. 

The many possible aetiological factors are critically discussed 
and an urgent problem that has been with us, but unrealized too 
long, is laid bare. The almost complete absence of statistics about 
the millions of native Chinese and Indians is unfortunate and it is 
to be hoped that Berman’s exposition of this problem, that seems 
to promise important results if tackled seriously, will lead to similar 
studies from other countries. 

The experimental work on liver cancer is reviewed adequately 
and the use of structural formulae when chemical carcinogens are 
discussed is helpful to those unfamiliar with the subject. One minor 
printer’s error (the only one detected) occurs on p. 119, in the 
formula of 3: 4: 5: 6-dibenzcarbazole, but this only emphasizes the 
otherwise accurate presentation of a difficult subject. 

PLR. P. 


Recent Advances in Bacteriology 


J. D. MacLennan, with the assistance of Mary Barber. Edited 
by J. H. Dible. 3rd edition. London: J. & A. Churchill Ltd., 
1951. vii + 325 pages; 14 illustrations. 21 x 14cm. £1 5s. 


This volume is essentially the work of Dr MacLennan but, 
because of his migration to the USA, the editing has been largely 
carried out by Professor Dible. Dr Mary Barber has also been 
concerned in the revision and has contributed a chapter on the 
antibiotics derived from soil bacteria. Much of the detail given is 
naturally of primary interest to the bacteriologist. Indeed, the 
volume reflects the evolution and increasing specialization of the 
subject, for now even virology is excluded. 

The clinician who wishes to keep abreast of the basic specialties 
will find certain features are of interest. Chapter I contains a clear 
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description of the electron microscope and reviews new advances in 
the study of bacterial cytology; there is an interesting addendum 
on Gram’s stain, by Mary Barber. Chapter II deals with funda- 
mental studies on the physiology of bacteria; chapter III describes 
bacterial nutrition and includes a review of vitamin synthesis 
occurring in the gut. Much work on staphylococci and strepto- 
cocci is reviewed, including that which shows the importance of a 
streptococcus, Str. sanguinis or “Str. s.b.e.”, in subacute bacterial 
endocarditis. 

Other sections of particular interest to the clinician are chapter VI, 
dealing with the anaerobic diseases of man, the sections on botulism 
and tetanus, that on fusiformis, and that on the new work on the 
antigenic structure of Bact. coli which shows that certain strains are 
capable of causing gastroenteritis in man; also chapter XIII, 
dealing with diphtheria and containing an account of the action of 
diphtheria toxin as outlined in recent work. Chapter XIV deals 
clearly with the subject of bacterial chemotherapy: it discusses the 
history of the subject, the Woods-Fildes hypothesis and subsequent 
work. Chapter XV considers the penicillins F, G, X, and K and 
their different properties; it also tells us that the addition of chemical 
compounds to the medium in which penicillin is produced has 
resulted in the formation of more than 40 new penicillins; methods 
of administration are discussed, but only briefly, while the mode of 
action of penicillin and the problem of bacterial resistance are more 
fully considered. The properties of other antibiotics, in particular 
streptomycin and chloromycetin, are similarly reviewed. 

This book forms a valuable addition to the Recent Advances 
series and presents important information in an accessible form. 
It is well produced and printed, the style is clear and the few illustra- 
tions are well chosen and informative. There are over 17,000 
references. 

E. M. C. Dunlop 


Bacterial Toxins 


W. E. van Heyningen. Oxford: Blackwell Scientific Publica- 
tions, 1950. 133 pages; 13 figures. 22 x 15cm. 15s. 


This is a useful monograph for teachers and research workers 
in bacteriology and appears to be the first book devoted to the 
subject of bacterial toxins. 

It describes the toxins of many organisms and deals mainly with 
the chemical aspects, as is particularly well shown in the section on 
the Clostridium group of bacterial toxins, a subject in which the 
author has been an active worker. Table IV, describing the 
antigens of C/. welchii culture filtrates, is clear and very useful to 
anyone not well versed in this intricate subject. In fact an 
important feature of the book is the number of tables and diagrams 
summarizing our present-day knowledge on various subjects and 
presenting them so that they can be grasped easily. The strepto- 
coccal toxins still defy clarification but much information is given. 

The description of the shiga toxins gives a comprehensive 
account of the work of Morgan, Boivin, and others. This is very 
useful in that a large number of papers published by various workers 
during the decade of the 1940’s are made available in concise form. 
Some of the toxins of the gram-negative group are dealt with 
rather cursorily in the latter part of the book and one hopes that in 
a future edition this portion will be expanded. 

The extensive bibliography adds considerably to the value of the 
book, which my colleagues and I have found useful in the rapid 
preparation of lectures. The author deserves the gratitude of 
bacteriologists for writing a book about a subject in which our 
knowledge is steadily increasing and needing constant collation, 
and for his “* attempt to present pathologists and bacteriologists 
with the point of view of a biochemist.” . ee 

. Gordon 


Oxidation-Reduction Potentials in Bacteriology and 
Biochemistry 
L. F. Hewitt. 6th edition. Edinburgh: E. & S. Livingstone 
Ltd., 1950. viii + 215 pages ; 44 figures. 25 x 19 cm. £1 


The first chapters of this volume provide a general introduction 
to the subject: a description of technical methods, including the 
general principles, methods of application and limitations of dyes 
in the study of electrode potentials; and a full description of 
methods and apparatus for their direct potentiometric determina- 
tion. In view of the analogies and relationships with oxidation and 
reduction potentials, a brief description of pH determinations 
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follows, and some practical aspects of the selection of glass electrode 
apparatus and colorimetric pH methods are discussed. Following 
a clear account of the behaviour of isolated reversible systems, a 
chapter on typ..al metabolic cycles that have been studied in some 
detail indicates how isolated facts, although fragmentary and liable 
to revision, can be synthesized into a larger scheme. 

The chapter on bacteriological applications covers a wide range, 
though perhaps too much stress is laid on how the metabolic 
processes occurring in bacterial cultures differ from the metabolic 
systems of multicellular organisms. The mode of action of chemo- 
therapeutic agents and antibiotics, their relation to metabolic 
processes and enzyme systems, and the process of bacterial resist- 
ance and drug-fastness are discussed. Finally, the general theory 
of polarographic methods, by which small potential differences are 
applied to a solution and the resulting currents measured and 
automatically recorded, is described. The writing throughout is 
provocative and stimulating. Misprints are few, though one on 
p. 97 (2n for 2”) makes the following sentence appear rather 
improbable. 

In general, the subject-matter is exhaustively covered, the 
bibliography is extensive, and the book can be recommended alike 
to the student and the more advanced reader. 

John McCoy 


The Control of Cross Infection in Hospitals 


Cross Infection in Hospitals Committee of the Medical Research 
Council. Revised edition. London: His Majesty’s Stationery 
Office, 1951. (Medical Research Council Memorandum No. 
11.) 49 pages; 6 figures. 25 x 15cm. 1s. 9d. 


The reawakening of interest in the problems of cross-infection in 
hospitals that occurred in the early years of the war was concen- 
trated at first on the problem of wounds, and this led to the publica- 
tion, in 1941, of the Medical Research Council’s War Memorandum 
No. 6, The prevention of ** hospital infection” of wounds. It was 
clear, however, that the prevention of wound infections constituted 
no more than one aspect of the general problem of the control of 
the spread of infections in hospitals. The Ist edition of the present 
Memorandum, published in 1944, essayed a brief but comprehensive 
statement of the sources and modes of transfer, and of the methods 
of prevention of hospital cross-infection in all its aspects. Since 
1944 a considerable amount of research and thought has been 
given to the methods of prevention, and the present revision is 
therefore timely. 

After a brief and general statement of the prevalence of cross- 
infection, there is a more detailed section on the possible modes of 
transfer of infection; it is inevitable in the present state of our 
knowledge that this should be a catalogue of the sites in which the 
pathogenic bacteria can be found rather than an itinerary of their 
journey from source to new host. 

The remaining two-thirds of the Memorandum describes the 
numerous measures of hospital hygiene that are essential to the 
prevention of cross-infection of the specific infectious fevers, in- 
fections of the respiratory and intestinal tracts, and puerperal and 
neonatal infections. This includes brief mention of hospital design 
and administration, chemoprophylaxis, rules for patients’ visitors, 
the health of the staff, prevention of contact infection and prevention 
of droplet and dust-borne infection. There is a further section on 
the procedure to be followed when a patient in a ward is found to 
be suffering from an infectious disease. There are appendices 
giving specimen rules for disinfection, isolation nursing, maternity 
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units, and a ward dressing-team, as well as methods for the applica- 
tion of dust-laying oil to floors and fabrics, and an outline of a 
course in bacteriology for nurses. 

This Memorandum will be invaluable to all those who are con- 
cerned with the teaching or supervision of hospital hygiene and it 
could be studied with great profit by practically all who work in 
hospitals. It might with advantage have laid more stress on which 
of the various measures listed are the more important and which 
the less important, but without doubt the new edition of this 
Memorandum will continue the part played by its predecessor in 
helping to raise the general standards in hospitals. 

R. E. O. Williams 


Parasitic Animals 


Geoffrey Lapage. Cambridge: University Press, 1951. xxi + 
351 pages; 113 figures. 20 x 14cm. £1 1s. 


This book treats the subject differently from most of the classical 
works on parasitology, in that instead of separate descriptions of 
heterogenous parasites, it describes the different types of relation- 
ships which exist between host and parasite and the methods by 
which these are maintained. This is a more scientific approach 
which will interest all workers in the subject. The author draws his 
examples chiefly from helminths, protozoa, crustaceans and arthro- 
pods and begins by clearly defining the terms. Thus he gives the 
exact definition of “* definitive host ” as the animal in which sexual 
reproduction is completed or in which the fertilized eggs are found. 
With this interpretation it is easy to denote the mosquito as the 
definitive host in malaria; with the usual definition (** sexual stage ”’) 
it might be man or mosquito. The main part of the book is devoted 
to representative life-histories and the inter-reactions between host 
and parasite, i.e., the effect of the parasite on the host and vice versa. 
Parasitism is shown to vary in intimacy, from the penetration of the 
undifferentiated cells of certain crustaceans into the blood-vessels 
of the host and thence—like a malignant tumour—into all its 
organs, to the superficial and often temporary attachment to the 
host of ectoparasites. 

The chapter on avoidance of the parasite by the host might easily 
have become a synopsis of control measures; but the author “ sheds 
his human spectacles,” tackles the problem first from the purely 
biological standpoint and indicates how animals by some intuitive 
sense attempt to avoid unwelcome parasites, as cows, for example, 
lash their tails to keep off warble flies. The later section, on methods 
of control undertaken by man, might have been omitted as beyond 
the scope of the book. In the last chapter the author turns philo- 
sopher; he begins to show the inherent unreality of regarding 
parasites as evil—‘* divine values are not determined by man ”— 
and suggests that in another and more contemplative book he may 
develop this idea further. If so, he may meet Maeterlinck from the 
opposite side. 

It is difficult to know quite for whom this book is intended; the 
use of long-winded circumlocutions (e.g. “* muscles which move the 
eye” for “ ocular muscles ”) and much repetition suggest that the 
aim was to include the general reader or sixth-form biology class, 
though in one place the reader is assumed to possess a basic know- 
ledge of pathology. Apart from this, there is little to criticize, and 
errors are few. The illustrations are profuse, the diagrams are 
imaginative, and as a whole the book is much welcomed for its 
novel angle of approach. 

P. C. C. Garnham 








The Cerebral Cortex of Man: a Clinical Study of 
Localization of Function 


Wilder Penfield & Theodore Rasmussen. London: Macmillan 
& Co. Ltd., 1950. xv -+ 248 pages; 121 figures. 24 x 16 
cm. £2 8s. 6d. 


It is easier to write an appreciation than a criticism of this book, 
since it presents us with an account of the incomparable series of 
observations made by Penfield and his associates of the effects of 
cortical stimulation in man. The information is so clearly arranged, 
with illustrative examples and a profusion of photographs and 
diagrams, as to leave no doubt as to what the writers mean. They 
commence with an account of sensory responses to which 25 pages 
are devoted, as against 11 given to the motor cortex. Since we 
have long known much less about the former than about the latter 
the change of emphasis is well conceived. Suppressor strips do not 
appear to have been found. 

The chapters concerning vision, hearing and equilibration, and 
memory, will be read with special interest. Stimulation of the 
outer surface of the occipital pole produced much the same sub- 
jective phenomena as did excitation of the calcarine cortex. The 
result was that a star, or simply “ coloured thing”, or dancing 
lights, wheels, blue, green or red coloured discs or balls, were seen 
either on the stimulated side or the opposite side. 

Penfield & Rasmussen confirm, by examples, Adrian’s discovery 
of “* secondary ’’ motor and sensory cortical areas separate from 
those so long known. In these, motor control of the extremities 
was influenced by stimulations far removed from the ordinary 
motor representation, i.e., along the upper border of the fissure of 
Sylvius, or near it, or in the median frontal cortex. Examples 
would be “‘ desire to move ”’, or paralysis of the contralateral hand 
and foot, or again, numbness in those limbs. Again, a centre for 
bilateral synergic movement was found in the upper frontal cortex 
and over on to the medial surface. 

As for hearing, stimulations of the lower lip of the Sylvian fissure 
produced the same sorts of unelaborated responses, but now to do 
with sound, such as rushing sounds, booming, bumming, a change 
in the key of the questioner’s voice, wind in the trees, noise of a 
train going along a track. The sound was usually heard in the 
contralateral ear. Sometimes stimulation of the upper parts of the 
temporal lobe caused dizziness, but never of the violent type of a 
labyrinthine crisis. Electrical stimulation of the island of Reil was 
followed by an abdominal or epigastric aura, whilst excision of that 
area led to no demonstrable deficit. The reader will find many 
important passages on the elaborate psychical patterns brought 
out in some patients by temporal cortical stimulation, but only 
in those whose “* temporal cortex has been prepared by the con- 
ditioning influence of epileptic discharges’. Another half-dozen 
cases are given here—not a large number, but then such states can 
only rarely be reproduced electrically. A diagram shows all the 
ae from which thoughts, hallucinations or illusions have been 
excited. 

The book closes with a brief re-statement of the whole subject of 
cortical localization and integration in the light of the authors’ 
analysis of this material, collected over many years. Penfield’s 
experiences make him doubt that the cortex is the final stage of 
integration for thinking and consciousness. Some of his views, 
which he states boldly as hypothetical, on the temporal cortex as a 
*“*memory store’’ of things actually noticed as contrasted with 
things just seen and not specially remembered, are developed. As 
regards loss of consciousness as the initial stage of a fit, Penfield— 
remembering the fact that removal of a frontal lobe does not affect 
consciousness—reasserts Jasper’s conclusion that this loss of 
consciousness is due to a bilateral symmetrical mid-frontal inhibi- 
tion by discharge from the optic thalami. 

Admirably printed and produced, this book contains in very 
concise form the observations of a lifetime. Penfield himself 
would be the first to say that the evidence is incomplete in some 
directions, but it is the best that we have and no doubt the authors 
themselves have not yet said their last words. 


G. Jefferson 
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Essays in Applied Psycho-Analysis. Vol. II: Essays 
in Folklore, Anthropology and Religion 


Ernest Jones. London: Hogarth Press & Institute of Psycho- 
Analysis, 1951. (The International Psycho-Analytical Library, 
No. 41.) 383 pages. 22 x 14cm. £1 1s. 


This second volume of Ernest Jones’s papers on applied psycho- 
analysis is more limited in range than the first, which was reviewed 
in Brit. med. Bull. 1951, 8, 100. It comprises a number of essays 
written at various times between 1912 and 1938. The most im- 
portant group deals with sexual anthropology, and includes the 
author’s famous paper, “* The symbolic significance of salt”. This, 
together with his ‘* Mother-right and sexual ignorance of savages ”’, 
might well have been published separately, as also might the group 
of essays dealing with various aspects of theology. With the out- 
standing exception of ** The Madonna’s conception through the ear”, 
these are of a somewhat slighter and obviously ‘* occasional ”’ 
nature. 

But although this second instalment of Dr Jones’s work in 
applied psychoanalysis will not have the same wide appeal as the 
first, it shows no falling-off in his capacities for penetrating observa- 
tion and imaginative analysis. To a disciplined erudition the author 
brings also his unusual powers of clear and logical presentation. 
This is obviously a book to be read by anyone having the slightest 
pretension to interest in modern methods of anthropological 
interpretation. 

Edward Glover 


The Hand in Psychological Diagnosis 


Charlotte Wolff. London: Methuen & Co. Ltd., 1951. 
xv + 218 pages; 6 plates ; 38 illustrations. 22 x 14 cm. 
£1 12s. 6d. 


This new book on the place of the hand in psychological diagnosis 
is similar in many ways to Charlotte Wolff’s earlier books, The 
human hand and A psychology of gesture. It is interesting, full of 
suggestive ideas, written in a somewhat erratic style, and shows a 
distinct failure to appreciate the requirements of scientific method. 
Her main claim, which is reiterated throughout her writings, appears 
to be that personality is mirrored in the physical configuration of 
the hand and that personality diagnosis is possible by inspection 
and measurement of certain physical properties of the hand. 
There are no a priori reasons why this view should not be correct, 
but unfortunately the experiments presented by Dr Wolff fail to 
support her argument because of certain very obvious methodo- 
logical weaknesses. This latter statement may appear to be belied 
by the description of empirical investigations which fill the pages of 
her book, and by the presence of a large number of statistical tables 
which report the results of these investigations. However, a closer 
look will show that these tables contain much unnecessary detail 
and do not include the absolutely vital estimates of significance 
without which their meaning remains obscure and their relevance 
impossible to assess. Similarly, in the planning of her experiments, 
Dr Wolff has either omitted to include control groups, or, when 
she has done so, has failed to match control groups with experi- 
mental groups on important variables, or else has forgotten to 
include the relevant information in her book. On pages 192 to 209, 
twenty-five hand interpretations are presented by her, together 
with the diagnosis made by the psychiatrist. Quite clearly, some 
kind of matching procedure, together with a statistical evaluation 
of the amount of success above chance, would seem to be required; 
Dr Wolff simply puts down the actual statement in each case, 
disregarding the very large literature demonstrating repeatedly the 
fallacy of impressions so gained. Altogether this book may be of 
interest to the psychiatrist in suggesting a somewhat neglected 
view-point ; it cannot be recommended, however, as giving a sound 
or balanced view of this field, or as educing reliable evidence which 
can be readily accepted. 

H. J. Eysenck 








Brit. med. Bull. 1952 


NEUROLOGY & PSYCHIATRY : REVIEWS 


Skill and Age: an Experimental Approach 


A. T. Welford et al. London: Published for the trustees of 
the Nuffield Foundation by Geoffrey Cumberlege, 1951. 
ix + 161 pages; figures. 22 x 14cm. 8s. 6d. 


** As age increases, the subject seems to be thrown back more 
and more on his past experience, so that he often finds it difficult 
to get away to a new comprehension of the material, even though 
he realizes that the situation demands that he should do so”. This 
in brief is the principal conclusion of the first 33 years’ work of the 
Nuffield Research Unit into Problems of Ageing, which was carried 
out in the Psychological Laboratory at Cambridge. 

The book starts with two brilliant, if ** arm-chair”, essays upon 
ageing and skill respectively. The bulk of the book comprises 
descriptions and discussions in simple language of nine laboratory 
experiments upon groups of subjects of ages ranging from 20 to 70. 
The experiments cover the whole field of human skills, for example, 
grid-position matching, throwing at a target, inspection work, and 
solving of problems. A final chapter is devoted to statistics of age 
differences in industry, which were collected largely from electrical 
and light engineering firms. The preliminary nature of the investi- 
gations is emphasized throughout. 

The reader’s reaction might well be: ‘* Is it necessary to perform 
conventional psychological experiments in order to study age 
differences? Is it not possible to study them while doing funda- 
mental research upon an actual applied problem, as is customary in 
medicine?’”’ The vagueness of the instructions given to the experi- 
mental subjects as to what they should aim at appears symptomatic of 
the academic approach. One wonders how much of the differences 
found between age-groups are not due to differences in capability at 
all, but simply to differences in choice of aim; to the older man’s 
valuation of carefulness, as contrasted with the young person’s 
preference for quantity. 

From a medical point of view, perhaps the greatest interest of the 
book lies in the difficulties due to factors other than age which affect 
skill, which have been met during the investigations; some of these 
factors vary with age. There is one of these of which the authors 
appear to be unaware. Age differences in industry are just as likely 
to be due to the preconceptions of labour managers about the 
suitability of allocating older people to recently introduced opera- 
tions involving “‘ time stress”, as to the preferences or actual per- 
formances of the older people themselves. 

Clearly the subject of skill and age is a difficult one. Although 
in proportion to the implied number of man-hours spent on this 
research little has been achieved, the lack of any startling new 
discoveries cannot altogether be blamed upon the research workers. 
It must be due at least partly to the complexity of the problem. 

E. C. Poulton 


The Expectation of Mental Infirmity in a Sample of 
the Danish Population 


(Based on a biographical investigation of 5,500 persons born 
in the years 1883-1887.) Kurt H. Fremming. London: Cassell 
& Co. Ltd., 1951. (Occasional Papers on Eugenics No. 7.) 
53 pages. 22 x 14cm. 3s. 6d. 


The surveys of mental infirmities carried out among school 
populations have furnished such suggestive results that it is sur- 
prising that relatively few surveys of this kind have been made for 
adults. As Dr Fremming points out, three procedures are possible : 
first, the genealogical method, dealing with the incidence of 
mental ailments among normal and abnormal families; second, 
the census method, such as the inquiries into mental deficiency 
undertaken in Great Britain by the Royal Commission in 1904 and 
the Wood Committee in 1929; and third, what the author terms the 
biographical method, which investigates the mental history of a 
representative sample. Dr Fremming gives reasons for adopting 
this more thorough procedure in his own investigation. He has 
chosen the island of Bornholm, as being fairly representative and 
reasonably self-contained; and he has succeeded in tracing the 
majority of its inhabitants born between 1883 and 1887. The total 
number amounts to 4,130 persons. Of these he finds that as many 
as 3.7% had suffered from some type of psychosis, 1.3% were 
mentally defective, 1.7% mentally dull, 1.9% suffered from psycho- 
neurosis, and another 3.0% from vaguer or minor disorders such 
as alcoholism, psychopathy, and the like. Thus, in all, about 12% 
of this sample suffered from a psychiatric infirmity of some sort. 
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As Dr Blacker in his foreword points out, this final proportion is 
in rough agreement with the results obtained in the few other 
surveys that have been attempted. There are, however, several 
rather striking differences. To begin with, the proportion of persons 
suffering from manic-depressive psychosis is more than twice as 
large as that found by other investigators. But this might easily 
be accounted for by the difference in procedure. Persons suffering 
from a manic-depressive psychosis are liable to enjoy long spells of 
remission, and are often apt to be missed by the more superficial 
type of survey. On the other hand, Dr Fremming’s figure for 
neurosis is much smaller than those reported by recent inquirers. 
This may perhaps be partly due to the fact that he interprets the 
term a little more rigorously than has been the fashion of late, and 
partly to the fact that neurosis appears to be much commoner in 
large towns than in rural areas. The figure for mental deficiency 
tallies very closely with that found in the more thorough surveys of 
school populations in Great Britain; but the number of dull 
persons discovered is, as Dr Fremming realizes, an underestimate. 
As he observes, “* without the systematic use of intelligence tests it is 
scarcely possible to discern these cases’”’. 

Dr Fremming ends by discussing the bearing of his results on 
eugenic measures. His final conclusion is that a thorough policy of 
sterilizing all mental defectives (or some equivalent procedure) 
would in a fairly short time appreciably reduce the number of such 
cases; on the other hand, sterilization is not likely to affect the 
number of persons suffering from the three major psychoses— 
schizophrenia, manic-depressive insanity, and epilepsy. 

The whole inquiry appears to have been admirably planned and 
carried out. There is plainly an urgent need for similar surveys in 
other countries. It is, however, tempting to suggest that, as in the 
case of the London surveys of the school population, a combination 
of the “‘ biographical” method with a “‘ census” method might 
preserve the advantages of both. 

Cyril Burt 


Unraveling Juvenile Delinquency 


Sheldon & Eleanor Glueck. New York : The Commonwealth 
Fund ; London : Geoffrey Cumberlege, 1950. (Harvard Law 
School Studies in Criminology.) xv + 399 pages. 28 x 20 
cm. £2 


Psychiatric Aspects of Juvenile Delinquency: a 
Study Prepared on Behalf of the World Health 
Organization as a Contribution to the United 
Nations Programme for the Prevention of Crime 
and Treatment of Offenders 


Lucien Bovet. Geneva: World Health Organization, 1951. 
(World Health Organization Monograph Series No. 1.) 
90 pages. 24 x 16cm. 5s. 


During the last 25 years Dr and Mrs Glueck, of the Harvard Law 
School, have devoted themselves to the study of the American 
criminal. Their books and other publications have long been 
recognized as among the most authoritative on the subject. Down 
to 1939, however, their interest centred primarily on the efficacy of 
various methods of treatment. This has now led them to undertake 
an equally systematic investigation into the problem of causation. 
** Without a full knowledge of causes, remedial treatment is bound to 
be blind.”” As they point out, most writers who have hitherto dis- 
cussed the subject—whether doctors, political reformers, sociologists, 
economists, or psychoanalysts—have inclined, with few exceptions, 
towards a one-sided approach. Each has generally assumed that 
the truth is to be found solely within his own special field. To avoid 
the inevitable bias of the specialist, they themselves determined to 
adopt an eclectic standpoint, and to enlist the aid of a team of 
experts. 

The general plan of the inquiry is based on the double procedure, 
first applied to criminological problems in studies of juvenile delin- 
quency in London, namely, to make intensive case-studies of a 
group of delinquents side by side with a carefully matched group of 
non-delinquents, and then to use a rigorous method of statistical 
analysis to determine what differences are genuinely significant. 
They began therefore with a batch of 500 young offenders from the 
city of Boston, Massachusetts, and paired each with a non-delin- 
quent of the same age, sex, intelligence, neighbourhood and race. 








By means of tests, questionnaires and other devices, a comprehen- 
sive set of facts was then collected in regard to the health, physique, 
intelligence, temperament, character and home background of each 
individual ; and the group-differences were systematically compared 
by calculating “* chi-squared ” or the “ critical ratio.” 

Their chief conclusions may be summarized as follows. As 
regards physique, delinquents seem to be drawn predominantly 
from what Sheldon has called the mesomorphic type: they exhibit 
a body-structure in which there is a relative predominance of muscle 
and bone. This, it is argued, points to the influence of inborn or 
genetic conditions. In regard to intellectual capacity, the delin- 
quents show a mean intelligence quotient of only 92. Their main 
peculiarity is a preference for expressing themselves through direct 
and concrete activities rather than through abstract processes, such 
as reasoning or reflection. In temperament they reveal a high 
degree of emotional instability, and on the whole are of an extra- 
verted rather than an introverted type. Their home background is 
nearly always gravely detective ; and their parents are, as a rule, 
inferior in nearly every respect—physically, intellectually, emotion- 
ally and morally. As regards mental pathology, the results make 
it clear that the popular notion that crime may be regarded as a form 
of mental illness is grossly mistaken. Out of 500 cases, only 36 
could be regarded as showing anything like “ psychopathic ”’ 
trends ; and this term itself, as the authors rightly observe, denotes 
no very definite or uniform concept. Strange to say, neuroticism 
was “more markedly present among the non-delinquents ’’— 
presumably because the delinquent group contained fewer intro- 
verts. Thus, both in physical and in mental health, the delinquents 
differed in no significant way from the control group. Social and 
temperamental conditions are far more important than pathological. 
In almost every case, however, delinquency proves to be the out- 
come, not of any single cause, but of a multiplicity of converging 
factors. It will be seen that these conclusions, based on a study of 
American cases, reveal a remarkable agreement with those already 
reached by British psychologists who carried out similar investiga- 
tions in London and elsewhere. 

In the second of the above-named publications, a report on 


The Application of Scientific Methods to Industrial 
and Service Medicine (Proceedings of a Conference 
Held from March 29th to March 31st, 1950) 


Medical Research Council. London: His Majesty’s Stationery 
Office, 1951. 112 pages. 25 x 15cm. 3s. 


There has been no shortage of scientific conferences in Great 
Britain since the war. Many have been concerned with single 
subjects or specialized topics, while others have aimed at co-ordinat- 
ing the activities of workers in a number of different fields. The 
conference reported in this volume was of the second kind. Its 
purpose was to bring together people who have carried out research 
dealing in one way or another with “ the organization of human 
effort”. Dr Himsworth used this phrase in his opening address to 
define the scope of the meeting, and he remarked that: 

Already we have included within it the specific occupational hazards, the 

effects of the immediate environment upon health and efficiency, and the 

factors that affect the performance of individuals, while we are beginning to 
study seriously the factors that affect the performance of groups. 

The last war was the first in which serious consideration was 
given to scientific investigation of “* personnel problems” of the 
fighting Services; this work related to efficiency and safety in 
operation as well as to purely medical issues. It was evident that 
many of the problems depended on the design of equipment. The 
investigators were chiefly physiologists, anatomists and psycho- 
logists, and they had to gain knowledge of operating conditions, on 
the one hand, and to collaborate with engineers, physicists and 
producers, on the other. The Medical Research Council played a 
large part in this applied field and in investigating war-time medical 
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juvenile delinquency prepared as a contribution to the United 
Nations programme for the prevention of crime, Dr Lucien Bovet 
reaches very much the same views. He has endeavoured to survey 
all the more important investigations, carried out during recent 
years and in different countries, on the causes and treatment of 
delinquency. He, too, lays the greatest stress on the fact of multiple 
causation. Psychiatric writers, he finds, continue to put forward 
sharply conflicting theories : some attribute crime almost entirely 
to innate constitution; others almost entirely to environmental 
and social factors ; very few, he tells us, appear to realize that in 
nearly every instance causes of both kinds co-operate. 

Like Dr and Mrs Glueck, Dr Bovet also concludes that, except in 
a few isolated instances, pathological conditions, whether physical 
or mental, have little influence. A large proportion of the cases 
studied show 

. » + mo major physical or psychological abnormality. They are simply the 

victims of adverse external circumstances. ... In general, organic disease is 

not of overwhelming importance in the etiology of antisocial behaviour. . . . 

Before puberty, true psychosis is rare and plays almost no part in the etiology. 
Nor do the authors consider the fully fledged neuroses of much 
importance. Emotional instability, on the other hand, is extremely 
common. 

Dr Bovet himself believes that most cases have a threefold origin 
—biological, psychological and social. And accordingly he argues 
that those who deal with them should have a special training in 
these threefold fields, and should in addition be familiar with the 
various modes of training and education. Treatment, to be success- 
ful, must be adapted to each individual delinquent, and should be 
“* based on the fundamental laws of psychology.”” In view of the 
wide divergences of opinion that still obtain, more research and 
more publicity are, he contends, an urgent necessity. Such efforts, 
he believes, would rapidly lead to better facilities and more appro- 
priate training courses for those who will be called upon to cope 
with the problem, and to a more adequate appreciation among 
statesmen, magistrates, and the genera] public, of the desirability of 
substituting a scientific for an a priori approach. 

Cyril Burt 






problems. It had previously been engaged for many years in 
carrying out similar research regarding industrial personnel. The 
resulting reports of the Industrial (Fatigue) Health Research Board 
might have been referred to more frequently by later workers dealing 
with parallel problems in the Services. 

The conference was held on three days and the papers read were 
grouped under three heads. Discussion of scientific method in field 
surveys was opened by Professor A. Bradford Hill, who dealt with 
general principles. Other contributors were concerned with surveys 
providing medical statistics, and their relations to laboratory 
research and to the particular problems of peptic ulcer and pul- 
monary tuberculosis. The discussion of health hazards treated 
fluorosis and berylliosis, experimental means of assessing the 
toxicity of chemical compounds and investigations of various kinds 
carried out by the Medical Research Council’s Pneumoconiosis 
Research Unit. The third group of papers was concerned with the 
improvement of human efficiency as a result of laboratory studies. 
Topics discussed concerned relations between temperature and 
efficiency and anatomical factors in machine design, and Sir 
Frederick Bartlett concluded the session with a survey of new 
methods in the laboratory analysis of human activities. 

The first two of the three sections of papers read at the conference 
are clearly related, and both can be supposed to come within the 
scope of social medicine, whether the community considered in 
particular cases is an industrial one or part of one of the Services. 
The theme of the third section is less clearly related to the other two, 
but it also concerns groups of people rather than individuals and it 
is proper that problems of health and disease should sometimes be 
considered together. 

G. M. Morant 
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Hospital Morbidity Statistics: a Preliminary Study 
of In-Patient Discharges 


Donald Mackay. London: His Majesty’s Stationery Office, 
1951. (General Register Office; Studies on Medical and 
Population Subjects No. 4.) 113 pages. 25 x 15cm. 3s. 6d. 


This report is based upon the analysis of data relating to nearly 
150,000 patients discharged from certain hospitals in England and 
Wales in the first six months of 1949. Roughly half of the document 
consists of detailed tabular matter showing, by selected groupings of 
the Intermediate List of the Manual of the international statistical 
classification of diseases, injuries, and causes of death, the principal 
causes of admission to hospital. Each of these groups of causes is 
subdivided according to sex, and the numbers are then further 
subdivided to distinguish the categories of admitted and discharged 
patients, the three hospital groups comprising the total sample, the 
total and mean number of days in bed for each selected cause, the 
number of deaths as a percentage of all discharges, and the pro- 
portional composition, by cause, of the total discharges and total 
number of days in bed. Cases are also shown by age-group and by 
marital and social status. For accidents, poisonings and violence, 
a double classification by nature of injury and external cause is 
given. 

The material was obtained from the teaching hospitals of England 
and Wales, from those of a large town under one Regional Hospital 
Board and of a county under another Regional] Board; and a few 
other hospitals were included to counterbalance the undue pre- 
ponderance of the teaching group of hospitals. The response was 
partial and, with such varying fractional response from individual 
hospitals as is found here, the sample is unrepresentative and cannot 
be equated to any known population group. The analysis is, how- 
ever, admittedly exploratory in character and designed, inter alia, 
to appraise a relatively new form of the reporting of diagnosis, to 
determine the quality and completeness of reporting, and to elicit 
and focus attention on the general difficulties in the preparation of 
case summaries in other respects. These various aspects are dis- 
cussed in detail and with admirable clarity. On the basis of the 
tables, the leading causes of admission to hospital are set forth by 
sex and age-group, and the relevance of. the results to hospital 
planning and the influence on the diagnostic picture of future 
changes in structure of the population are discussed. 

The paper re-emphasizes the uses in various fields to which com- 
plete and accurate records of illnesses treated in hospital could be 
put, and may do something to secure more effective future co- 
operation in the joint effort required for success in such ventures. 
For demonstration purposes, however, more adequately supervised 
investigations on a defined geographical basis are more—or at least 
equally—effective. 

P. L. McKinlay 


The Social Consequences of Pneumoconiosis among 
Coalminers in South Wales 


P. Hugh-Jones & C. M. Fletcher. London: His Majesty’s 
Stationery Office, 1951. (Medical Research Council Memo- 
randum No. 25.) viii + 54 pages; 5 figures. 24 x 15 cm. 
1s. 9d. 


The excessive incidence of pneumoconiosis in the South Wales 
coalfield becomes apparent when it is realized that, between 1931 
and 1948, of over 22,000 coalminers certified as having pneumo- 
coniosis in Great Britain, 19,000 were employed in South Wales. 
As only one-sixth of the coalminers in Great Britain work in that 
area, the incidence there is about 40 times greater than in the rest 
of the country. This has led to a social problem of unusual magni- 
tude which has been studied by the Pneumoconiosis Research Unit 
of the Medical Research Council. This report incorporates with 
the findings of the Unit two other investigations previously un- 
published—one by H. M. Social Survey, carried out in 1946, the 
other by a working party of the Ministry of Labour (A. T. Doig & 
C. G. Hillier, 1947). It is in three parts. In the first, after brief 
discussion of the contributory factors, the present position is de- 
scribed ; the second gives statistical information and the third 
contains representative case histories. There are also three useful 
appendices suitable for the lay reader, giving a description of 
pneumoconiosis, an outline of the compensation and benefit 
schemes, and some results of the two unpublished reports afore- 
mentioned, 

The social effects of the disease are felt by the individual and by 
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the community. The individual and his family suffer loss of earn- 
ings and financial hardship. Until recently, receipt of compensa- 
tion meant the prohibition of further work in the mine. Alternative 
work was difficult to find, not only because there were few other 
industries in the area, but also because of the handicaps of breath- 
lessness, age, and geographical considerations. When work was 
found it was frequently the heavy type of labouring, unsuitable for 
men whose working capacity was reduced. Many employers had 
doubts ‘about the wisdom of employing these men. Not un- 
naturally important psychological effects appeared, the men 
constantly feeling that they were under the shadow of physical 
deterioration and death, and of unemployment and financial 
hardship. The community suffered a loss of skilled man-power and 
had to bear the cost of compensation which, in the years 1945-46 
was £54 million, equivalent to 3s. per ton of coal produced. 

Measures directed at improvement have been rather disappointing. 
The Disabled Persons (Employment) Act, 1944, has been difficult 
to apply in South Wales, where 11% of the working population is 
disabled. There is great competition for jobs among the disabled 
themselves and some refuse to register as disabled, believing that 
they have a better chance if they compete as normal individuals in 
the labour market. The Grenfell Scheme, which related to factories 
catering more specifically for men with pneumoconiosis, has been 
disappointing and the setting up of a rehabilitation centre by the 
Miners’ Welfare Commission is in abeyance. The Board of Trade, 
by encouraging the influx of other industries into the mining valleys, 
has reduced general unemployment but has not overcome. un- 
employment in men with pneumoconiosis. 

As regards the future, the authors believe that, with strenuous 
efforts at dust control in the industry, the incidence of the disease 
will become less. Moreover, men with pneumoconiosis are now 
permitted, if they wish, to continue working in the mines under 
approved dust conditions and with medical supervision. Some 
men will, however, leave the mines after diagnosis of the disease, 
and others, now employed, will, with its progression, become 
unemployed, so that for some years to come the numbers of 
unemployed disabled miners may remain constant. The authors 
assert that at present the assistance being given to these men is 
inadequate and emphasize that their greatest need is suitable 
employment. They advocate the institution of a follow-up system 
after diagnosis, with periodical medical examinations. As a result 
of this the men could be graded as regards fitness for different types 
of work and could receive specialized advice in regard to obtaining 
suitable employment and to their other numerous — th, 

. T. Doig 


Experiment in Dental Care: Results of New Zealand’s 
Use of School Dental Nurses 


John T. Fulton. Geneva: World Health Organization, 1951. 
(World Health Organization Monograph Series No. 4.) 87 
pages; 12 figures. 24 x 16cm. 5s. 


The experiment in dental care resulting from the use in New 
Zealand of school dental nurses has attracted international attention 
and no little controversy has raged around the ultimate value of the 
service sorendered. Dr Fulton’s report is therefore welcome as a 
further comment on the problem. In his summary he states: 

Thus to the extent that a high proportion of attacked teeth have been treated in 

the form of fillings, and to the extent that a low tooth mortality-rate has been 

achieved, these findings indicate that New Zealand’s public dental programme 
has gained a large measure of success ‘.. controlling the effects of dental caries 
in school-children, 

In the 40 working days that he spent in New Zealand, and working 
daily from 9 a.m. to 3 p.m., Dr Fulton examined 4,005 children. 
His findings have been duly recorded and supported by compara- 
tive data from the USA. It is clear that the problem of dental caries 
is a grave one since by the age of 12 years well below 1% of the 
children were free of caries. 

He found that the rural population was as well cared for as the 
urban, and that the number of carious teeth amounted to about 
4 tooth per child at age 11, with a very low figure for missing 
permanent teeth (0.4 per child at 14 years for urban children). 

The report reviews all the aspects of selection, training and ser- 
vice of the dental nurses and also gives the: historical background 
to the introduction of the experiment by T.A. Hunter in 1921. This 
should prove particularly interesting reading in the light of the 
Dental Bill now before the British parliament, including, as it does, 
proposals for the training of a limited number of dental nurses on 
lines similar to the New Zealand experiment. 
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Certain elements of treatment outside the scope of the dental 
nurses, e.g., fractured teeth, deep anterior cavities, prostheses, 
multiple extractions under general anaesthesia, are referred to the 
district dental officer, who enrols the child under a special benefits 
category which permits the parent to take the child to a dentist for 
free treatment. Orthodontia must be provided by private re- 
sources. The district dental officer is required to make at least 
three inspection tours a year to each dental clinic in his district. 

Dr Fulton records his satisfaction with the standard of work 
done and comments on the excellence of the office hygiene. Manage- 
ment of patients presented no problem. He also reports on the dental 
service for adolescents up to 16 years and from his random sampling 
of the treatment given by private dentists under dental benefit 
regulations he found that 3.1 fillings per patient were required in 
the first treatment after leaving the school dental clinic. Dr Fulton 
produces disturbing evidence of the wastage from the field service: 
for every 100 dental nurses, 30 will have resigned in 5 years, 50 in 
7 years, 70 in 10 years and only 17 will be in service after 12 years. 

Dental health education for children and parents has been an 
integral part of the school dental service from the beginning, and 
after 30 years it might well have been hoped that such a policy 
would be able to record material dividends. Whereas the work of 
the school dental nurse is obviously one of unselfish conscientious 
service, one cannot but soberly reflect upon the short-lived value of 
that service when one reads that 45% of the young men called up 
for National Service wore artificial dentures and 21% were com- 
pletely edentulous. As Dr Fulton rightly states, there would seem 
to be a need for reorientation of dental practice in New Zealand. 

This is an important document, a record of a large-scale field 
experiment in conservation of the teeth over 30 years, covering a 
group of nearly 200,000 children yearly. All serious students of 
social welfare, be they dentists, doctors, nurses or lay workers, 
should read it with care. 

E. Matthews 


The Burden of Diseases in the United States 


Alfred E. Cohn & Claire Lingg. New York: Oxford Uni- 
versity Press; London: Geoffrey Cumberlege, 1950. x + 129 
pages: 39 figures, including 5 coloured plates. 31 x 24 cm. 
£4 


In the introduction to this book the authors say they undertook 
the study “‘to weld into as consistent a description as possible 
the various and scattered pieces of existing information on the state 
of the public health, especially in the United States, and on the 
changes in that state which have taken place’; and in the preface 
they state their belief that ‘* a beginning must be made in scrutiniz- 
ing critically the vast amount of statistical information that now 
lies frozen and uninterpreted in the archives and publications of 
census bureaus.” The need for such an attempt in the USA is 
undeniable. It has been fortunate for public health in general that 
from the very beginning of vital registration in Britain a physician 
with some understanding of the principles of statistics was allowed 
to try to interpret the national vital statistics year by year in the 
reports of the General Register Office. For the text-matter of these 
reports and supplements, which form a library of great historical 
value, there has been no real counterpart in the USA, although 
useful official monographs on special aspects have been issued from 
time to time. 

This work, profusely illustrated with diagrams, is an ambitious 
attempt to fill the gap, and the authors were able to use the 
facilities offered by the Rockefeller Institute and the New York 
Heart Association for its production. The coloured plates are 
beautifully produced and admirable for demonstration purposes, 
but their size and detail places the ordinary reader at some dis- 
advantage in following parts of the text. 

The first chapter deals with the difficulties of changing nomen- 
clature and with the successive revisions of the International List 
of Causes of Death during the period 1900-40, and it divides the 
causes into 15 convenient groups for study. Chapter II is written 
around the thesis that “‘there is no possibility of waiting for 
perfection either in the diagnoses made by physicians or in the 
calculations of statisticians.” The third chapter discusses at length 
the population structure, curiously omitting mention of the effects 
of immigration of young adults. A future hypothetical state of 
“* constancy ” is envisaged in which, after mortality from infections 
has been eliminated, age-specific death-rates will ultimately attain 
“* stability”, an unconvincing concept in the present state of medical 


science and of the world. Such statements as “* the time must come 
when . . . all age-specific curves tend to be horizontal”, rather 
tediously reiterated in different ways, seem to presume that nothing 
will be done in this century to counteract the effects of wear and 
tear on the circulatory system, and that the “* natural” span of life 
is unalterable. 

The fourth chapter, in which the leading causes of death at each 
age-period are reviewed, contains some confusing statements: for 
example, the downward trend of puerperal infection death-rates 
based on population is discussed without mention of the great fall 
in birth-rates, and the summary speaks of “‘ the great fall in the 
incidence of certain infectious diseases in younger people and the 
great zise in the death rate among older people”, although no rise 
has occurred at any age. 

Changes during 40 years in death-rates from particular groups 
of diseases are dealt with in the seventh chapter. In discussion 
of rising trends for some descriptions of circulatory disease, no 
mention is made of the increasing tendency to certify more than one 
cause of death, involving more frequent statement of heart condi- 
tions which by the rules of selection took precedence in statistics 
over respiratory and some other chronic diseases, an important 
factor, as has been shown in England and Wales. Concerning 
diabetes, we read that “‘a person who acquires diabetes mellitus at 
60 can live out the Biblical expectancy. But if he acquires it much 
earlier he cannot do this . . . ’, a deduction based on misinterpreta- 
tion of ‘* average ” expectations of life. 

The chapter on morbidity, perhaps the most useful in the book, 
contains an account of five surveys of sickness carried out in the 
USA, that of the Metropolitan Life Insurance Company (1915-17), 
the classical Hagerstown survey (1921-24), the National Family 
Study (1928-31), National Health Survey (1935-36) and the 
Baltimore survey (1938-39); and it contains also a section on 
mental illness. Finally, one of the five large coloured plates depicts 
the data of mortality by broad groups of causes in a number of 
countries, taken from the Epidemiological and vital statistics report, 
no. 2, October 1949, published by the World Health Organization 
in 1950. 

The data graphically presented in this book will be. useful to 
students and public health workers, and the text contains much to 
promote thought and discussion; but it leaves the impression that 
had the National Office of Vital Statistics been consulted to a 
greater extent and their co-operation or criticism obtained, many 
faults would have been avoided and the permanent value of the 
work enhanced. 

Percy Stocks 


The Care of the Ageing and Chronic Sick 


A. P. Thomson, C. R. Lowe & Thomas McKeown. Edinburgh : 
E. & S. Livingstone Ltd., 1951. 133 pages ; figures. 25 x 17 
cm. 7s. 6d. 


Here we have a collection of papers and addresses from the 
Departments of Medicine and Social Medicine of Birmingham 
University. They testify to the amazement which a glimpse of the 
realities of the ** chronic sick ”” problem has caused to those who 
have worked only in voluntary or teaching hospitals. Two surveys 
are of special interest. One, carried out in Western Road Infirmary, 
led the authors to consider that only one-fifth of the patients there 
needed skilled nursing and frequent medical attention and that 
one-fifth should be in mental hospitals. The remainder should be 
either in their own homes or in institutions where domestic care or 
simple, unskilled nursing was provided. A similar investigation of 
patients on the waiting list of the same hospital led them to suggest 
that two-fifths of these needed hospital treatment and one-tenth 
should get mental care. Again the rest might be looked after at 
home or else go to a “* long-stay annexe ” in which supervision and 
unskilled types of nursing care were provided. 

Professor Thomson sounds somewhat gloomy when he suggests 
that few patients could be improved sufficiently to return to their 
homes. Physicians working in “chronic” hospitals elsewhere have 
succeeded in rehabilitating a considerable number of their hemi- 
plegic, arthritic and bronchitic cases. Birmingham must surely be 
aware of these results and the methods by which they have been 
produced. But, as Professor Thomson says, “*. . . physicians on the 
staffs of teaching hospitals had neither opportunity nor inclination 
to study infirmaries and their problems.” 

On the clinical side is portrayed the amazing variety of material 
to be found in a “chronic” hospital : the mass of patients with such 
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conditions as cerebral thrombosis, incontinence of urine and faeces, 
chronic arthritis, contractures, chronic bronchitis, senility and 
cardiac failure. One short paper by Dr F. G. W. Marson touches 
upon some points in the biochemistry of ageing. 

These surveys agree in the main with what is known from other 
investigations into the problem of the chronic sick. Everyone now 
realizes that there are many people in hospitals for chronic diseases 
who should be either at home or in such accommodation as hostels. 
Yet social conditions in the homes, shortage of nurses in hospitals, 
lack of ground-floor rooms for the frail elderly in institutions and 
paucity of domestic “‘ home helps ” all prevent the right person 
being sent into the right place. This book is worth study and 
— as an introduction to the problem of the aged and chronic 
sick. 

Trevor H. Howell 


Adding Life to Years 
Amulree. London: National Council of Social Service (In- 
corporated), 1951. 101 pages; illustrations. 22 x 14 cm. 
8s. 6d. 


In the space of a little less than one hundred pages Lord Amulree 
reviews and discusses most of the health and welfare services now 
provided for old people in Great Britain. Although in his own 
work the author has mainly been concerned with treatment of the 
elderly sick in hospital (it was under his supervision that the first 
geriatric unit in a teaching hospital was established at St Pancras), in 
this book the emphasis is rightly placed on the care of old people in 
their own homes. We are presented with a clear picture of their 
needs and are told how existing hospital, local authority and 
voluntary services are meeting these needs, but it is not made 
sufficiently clear that these services are still very fragmentary and 
incoordinated. Indeed in no part of the country is there a truly 
comprehensive service for the care of the aged, and in many areas 
the facilities available are pitifully inadequate. 

The fault lies partly in public apathy (this book is by no means the 
first to draw attention to the hardship and suffering inadequate 
services are causing) and partly in lack of precision in the legislation 
which has divided responsibility for the care of the aged between 
local authorities and hospital boards. Under the National Health 
Service Act, 1946, provision of most of the necessary domiciliary 
services (such as “‘ home helps,” “* meals on wheels,” laundry 
service) is optional and too many local authorities are content to 
supply the compulsory minimum only. In addition many old 
people in need (particularly those who are frail, although ambulant, 
or are partly disabled) find themselves in the field of ill-defined 
responsibility that lies between the two statutory authorities. 
Voluntary services are described which are doing much to meet 
these needs, but by themselves they can never satisfy the growing 
demand. 

This book makes it very obvious that the provision of services is 


lagging far behind not only what is desirable but also what is im- 
mediately possible. Clearly more precise guidance from the 
Ministry of Health is called for. 

C. R. Lowe 


Patterns of Marriage: a Study of Marriage Relation- 
ships in the Urban Working Classes 


Eliot Slater & Moya Woodside. London: Cassell & Co. Ltd., 
1951. 311 pages. 22 x 14cm. 17s. 6d. 


There are many sociological and statistical studies of marriage, 
but practically all of them have been carried out in the USA, 
where the empirical tradition is somewhat more firmly established 
than in Great Britain. It is a great pleasure, therefore, to be able 
to review the present volume, which not only extends this type of 
work to Britain, but makes a genuine contribution to science in 
its own right. Slater and Woodside had two principal aims in 
mind in undertaking this invesiigation. The first was to compare 
various aspects of courtship and marriage behaviour in normal and 
neurotic subjects; the second was to study patterns of marriage in 
general. The data used by the authors are derived from interviews 
carried out on 100 neurotic men and their wives, and on 100 
“normal” men (i.e., men not in any way diagnosed as neurotic, 
but probably not all free from marked and sometimes severe 
neurotic symptoms) and their wives. These data from interviews 
are tabulated very clearly in an appendix at the end of the book; 
the book itself consists essentially of a detailed discussion of these 
findings. The discussion is clear, to the point, supported in every 
detail by the factual findings, and free from that subservience to 
preconceived ideas which is so often found in psychiatric writings. 
The statistics used are of the simplest, but are generally adequate 
for the purpose in hand. Occasionally, one would have liked some 
further information regarding, for instance, the reliability of the 
questionnaire used, or the significance of some of the differences 
reported, but usually the figures given are detailed enough to make 
it possible for the reader to carry out such computations himself. 
The results throw so much light on the behaviour in marriage of 
urban working-class people that it should be compulsory reading 
for psychiatrists, who, coming from a different social class, may 
mistake for abnormal behaviour what is essentially general and 
widespread in this particular group. In addition to the main 
findings, there are many fascinating side-lights on a variety of 
questions, such as, for instance, the tendency of neurotics to marry 
people who are themselves less stable than the average. It would 
be impossible to quote, even briefly, the main conclusions of this 
investigation which, in so far as comparable data exist, seem to 
find strong support in the work of Kinsey, Terman, and others. 
On the whole, this book is a definite contribution to our store of 
factual information in a field where such information from Great 
Britain has been almost completely lacking. 

H. J. Eysenck 
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Mosquito Behaviour in Relation to Malaria Trans- 
mission and Control in the Tropics 


R. C. Muirhead-Thomson. London: Edward Arnold & Co., 
1951. viii + 219 pages ; 16 plates ; 22 figures. 22 x 15 cm. 
£1 10s. 

Recent developments in the control of malaria, more particularly 
the spray-killing of adult mosquitoes by spraying with residual 
insecticides, have rendered a detailed study of the bionomics of the 
insect vectors of the disease more than ever imperative. By his 
field researches, first in north-east India and subsequently in West 
and East Africa and in the West Indies, Dr Muirhead-Thomson 
has made a notable contribution to our knowledge of this important 
subject. The results of his labours have been published in a number 
of articles in various scientific journals, and in the book under 
review these are discussed along with those of other observers in 
the same field. 
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Most of the advances referred to have been achieved during the 
past 15 years, a period marked by an increasing realization of the 
part played by temperature, humidity and other climatic conditions 
in the activities of insects in general and of anopheles in particular, 
and of the need for more exact methods of measuring these various 
physical factors. There has been also an increasing appreciation 
of the fact that, since anopheles are mainly active at night, it is 
essential to carry out observations throughout the hours of darkness 
as well as by day. 

The book is divided into two parts. The first is a record of 
observations and experiments regarding the movements of mos- 
quitoes in relation to mating, feeding and resting. In the second, 
which is devoted to problems relating to the nature and selection of 
breeding-places, emphasis is laid on the part played by simple 
physical and chemical factors in determining the behaviour of the 
adult female mosquito and of the immature stages. 

The author’s study of the bionomics of Anopheles minimus, the 
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principal carrier of malaria in Assam, Burma, Thailand, Indo-China 
and much of southern China, sheds new light on a hitherto obscure 
subject. It is known, for example, that the breeding of this species 
of mosquito in streams and irrigation channels could be prevented 
by the growing of dense uninterrupted foliage over the water, but 
nothing was known as to the mechanism by which this was brought 
about. Dr Muirhead-Thomson showed that the essential factor 
concerned was not shade per se, but water movement. The 
presence of dense shade prevents the growth of grasses along the 
margins of the channels, so that the edges are completely bare, 
and there is no longer a zone of still water favourable for ovi- 
position and larval development. Thus shade per se plays no 
part in controlling the breeding of this species ; indeed, A. minimus 
prefers shade to sunshine in its breeding-places, provided that the 
shade is not so dense as to preclude altogether the growth of aquatic 
vegetation. } 

To those engaged in large-scale schemes of malaria control, the 
most interesting of the author’s researches are those concerned with 
the behaviour of A. gambiae. in huts treated with residual insecti- 
cides. Dichloro-diphenyl-trichloroethane (DDT) has proved 
strikingly effective against some of the most dangerous of the 
world’s malaria vectors, ¢.g., A. minimus and A. fluviatilis in India, 
A. darlingi in South America, and certain members of the maculi- 
pennis group in southern Europe. Against other species, notably 
A. gambiae in Africa and A. culicifacies in India, results with this 
insecticide have been relatively disappointing, in spite of a striking 
reduction in the numbers of adult mosquitoes caught in human 
dwellings. By the use of specially devised window-traps, Dr 
Muirhead-Thomson was able to show that DDT exerts an excitatory 
effect on A. gambiae, causing it to leave the hut after feeding without 
absorbing a lethal dose of the insecticide. With gammexane, on 
the other hand, a sufficient dose of the poison was absorbed to 
cause the death of the insect. Such observations are likely to prove 
of immense value in the development of this method of malaria 
control. 

The above are only two examples of the many aspects of mosquito 
behaviour dealt with in this book, which is illustrated by a number 
of photographs taken by the author and excellently reproduced. 
It can be recommended with confidence to all those concerned with 
the study and control of insect-borne diseases. 

G. Covell 


Parasitic Infections in Man. Symposium Held at the 
New York Academy of Medicine, March 15 and 16, 
1949 


Edited by Harry Most. New York: Columbia University 
Press; London: Geoffrey Cumberlege, 1951. x +, 229 
pages ; figures. 23 x 16cm. £1 10s. 


This book is a symposium of papers devoted to certain aspects 
of human infections with helminths and protozoa. The value of 
these papers is enhanced by extensive bibliographies, though these 
are somewhat marred by the absence of editorial standards in 
regard to presentation of references in the text. 

In an introductory chapter, P. F. Russell deals with the effect of 
helminthic and protozoal diseases upon human health, and their 
impact upon the economic life of mankind. In considering the 
counter-measures he naturally stresses the importance of prevention. 

An important advance in knowledge of malaria was made by 
the discovery in the vertebrate host of tissue stages of Plasmodium, 
the history of which, culminating in the recent discovery of an 
exoerythrocytic development in P. vivax, is described in chapter II, 
by C. G. Huff. It is felt that the corresponding stages of P. falci- 
parum might have been mentioned in a book published in 1951, and 
it is also surprising that the author regards these findings as merely 
an “* assumption that such stages may exist”. In chapter III, J. T. 
Culbertson gives in concise form a lucid account of immunity to 
parasitic infections, and rightly emphasizes the similarity of the 
immunological mechanism in all pathogens. 

J. Bozicevich, in chapter IV, gives a critical review of methods 
used in the immunological diagnosis of protozoal and helminthic 
diseases. Chapter V, by N. R. Stoll, is devoted to a comparative 
evaluation of methods used for the demonstration of helminth eggs 
and protozoal cysts in stools, with special reference to the biological 
and morphological characteristics of the parasites in question. 

Chapter VI, by W. W. Frye, deals with studies on growth and 
metabolism of Entamoeba histolytica, and gives an excellent 
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historical summary and an account of recent attempts to develop 
methods of cultivation of this organism in the absence of bacteria: 
The physiology of blood flagellates, in the blood of the host and in 
culture, is discussed in chapter VII, by T. von Brand, who gives 
a clear account of glucose metabolism and respiration in trypano- 
somes, and of the enzyme systems in parasite and host. The 
relation of the trypanosome metabolism to the pathological 
physiology of the host, and the physiological relations between 
parasite and host, are also considered. The chapter ends with a note 
on the bearing of the physiological work on the search for chemo- 
therapeutic agents. 

Chapter VIII, on the biochemistry and metabolism of malaria 
parasites, is fascinating. R.W. McKee deals in it mainly with the 
work of the Harvard group, which has greatly extended the know- 
ledge of the metabolic activities of malaria parasites. Throughout 
the work, the interrelation between the parasite and its environment, 
and the chemical constitution of both, have been kept in view. 
These studies were utilized in developing methods of cultivating 
the malaria parasites, which are discussed in detail in chapter IX 
by Q. M. Geiman. 

E. Bueding (chapter X) deals with the physiology of parasitic 
worms, regarding which relatively little is known, and discusses the 
effect of anthelminthic drugs upon the chemical activities of these 
parasites. 

In chapter XI, H. H. Anderson gives a critical review of 
laboratory testing and clinical application of amoebicidal com- 
pounds, with special reference to in vitro tests of potential amoebi- 
cides, and the chemotherapy of amoebiasis. The distinction made 
between the action of drugs upon trophozoites and upon cysts. is 
obviously based on a misconception of the life-cycle of E. histoly- 
tica, for any effective amoebicide will also eliminate the cysts. 

In chapter XII, G. R. Coatney gives an admirable account of the 
antimalarial drugs. He points out that an ideal drug—which 
combines causative prophylactic action with therapeutic action and 
curative effect, while exhibiting low toxicity and available at a low 
cost—has not yet been produced. During the last decade extensive 
investigations have been carried out on the chemotherapy of 
helminthic infections, which are considered, in chapter. XIII, by 
H. W. Brown, who reviews the present state of knowledge of the 
treatment of filariasis, trichuriasis, enterobiasis, cestodiasis and 
trichiniasis, while the treatment of schistosomiasis is dealt with more 
fully in chapter XIV, by F. J. Brady. ; 

On the whole, the symposium provides useful reviews of the 
subjects dealt with, but the prospective reader might well be misled 
by the comprehensive title of the book, for he will look in vain for 
information about diseases and aspects of the infections which are 
not mentioned at all. There is also noticeable—in some chapters— 
a predilection for American works. 

C. A. Hoare 
B. G. Maegraith 


Atlas of Framboesia: a Nomenclature and Clinical 
Study of the Skin Lesions 


Kenneth R. Hill, R. Kodijat & M. Sardadi. Geneva: World 
Health Organization, 1951. (World Health Organization 


Monograph Series No. 5.) 18 pages; 42 illustrations. 
24 x 16cm. 5s. 


This number of the Monograph Series authorized by the World 
Health Organization deals with the cutaneous manifestations of 
yaws and, as the title indicates, it is primarily an atlas and consists 
of a minimum of letter-press and an excellent series of 42 plates 
depicting photographically the various lesions. On the analogy of 
the allied treponematosis, syphilis, the course of the disease is often, 
somewhat arbitrarily, divided into three stages; but as these tend 
to, and often do, overlap, such division is artificial and in this work 
it has been discarded. 

This publication is for clinicians. Owing to the rapid success of 
treatment in the early stages by arsenicals, it is only in neglected or 
untreated cases that the truly terrible conditions depicted in some of 
these photographs are met with. The authors, all experienced and 
well-known investigators into this disease, have described the 
cutaneous lesions in 16 types or groups, dealing with each in turn. 
A list of synonyms, or terms used by different authorities for the 
condition in question, is followed by a brief but clear account of 
the clinical appearance with references to the photographs illustrat- 
ing it. No attempt is made to describe the pathological histology; 
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in fact, such would only detract from the value of the work as a 
clinical atlas. We miss any reference to juxta-articular nodules, 
but perhaps this omission is intentional and the authors do not 
regard these as due to yaws. Though the belief that they are so 
caused is very widespread, it must be confessed that proof is lacking. 

All the photographs show typical examples of the lesions noted and 


have been excellently reproduced and, in these days of high prices 
for books, and especially for illustrated medical books, the cost of 
this is marvellously low. The World Health Organization is to be 
thanked for sponsoring this publication and the authors are indeed 
to be congratulated on their achievement. 

H. Harold Scott 
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An International Bibliography on Atomic Energy. 
Volume 2. Scientific Aspects 


United Nations. Atomic Energy Commission Group, Department 
of Security Council Affairs. New York: United Nations, 1951. 
16 pages -+ 24,282 items on unnumbered pages. Author 
index. List of abbreviations of the journals used in this 
volume. 28 x 22cm. £3 15s. 


The object of preparing this bibliography was to provide a set of 
references from which an inquirer could survey the literature of 
atomic energy and its peaceful applications. To this end some 
24,000 references have been chosen from 50,000 known to the 
editorial committee, and here assembled under five main headings: 
(I) fundamental nuclear science (15,000 references); (IT) the physics 
and engineering of nuclear reactors (600); (IIT) the biological and 
medical effects of high —_ radiations (4,000); (IV) isotopes in 
biology and medicine (2,400); (V) radioactive tracers in non- 
biological sciences (2,000). Bach section is prefaced by an intro- 
ductory note written by a distinguished worker in the field con- 
cerned, and Dr Serge A. Korff, senior scientific consultant to the 
editorial group in succession to the late Dr H. H. Goldsmith, 
contributes a general foreword. In this he says that the general aim 
has been to include all papers, except the popular and ephemeral, 
published in the 25 years preceding 1949. This aim appears, 
however, to have been modified in preparing section III, for Pro- 
fessor R. E. Zirkle remarks, in his preface to this section, that the 
selection has here been limited largely to papers published since 
1939. 

The five main sections are subdivided so as to provide a broad 
subject index to the bibliography. Thus, section III is split into 
twelve subsections which include, for example, the effects of high 
energy radiations on genetics and mutations (III E), on organ 
systems (III G), on physiology (III H). The choice of these sub- 
headings has not always been fortunate, however; several disobey 
the fundamental rule of indexing, that subject headings should be 
mutually exclusive. To give some examples: sections III G and 
III H cited above overlap; section III L (technical aspects) over- 
laps several others and appears to be unnecessary; there are three 
places, in three different main sections, in which to look for 
references to protection against radiation and the concomitant 
topic, measurement of radiation, viz., III K (radiation protection 
and dosage measurements), II D (health protection) and I D (detec- 
tion of nuclear radiations); sections II B (nuclear reactors and 
power) and II C (atomic energy establishments) both contain 
papers on individual reactors. There are also instances in which 
papers are placed in the wrong categories. This is no doubt 

use papers have been assigned to the different categories 
according to their titles, a practice that is notoriously dangerous 
inasmuch as title is often an inadequate, if not misleading, guide to 
content. 

Within each section references are arranged in alphabetical order 
of author’s name. Since there is an author index to the whole 
bibliography, this is a duplication of effort. The bibliography would 
have been much more useful had the order been the more usual 
one of date of publication. 

However, these defects detract only to a minor extent from the 
value of this bibliography. It undoubtedly fulfils the aim which its 
compilers set themselves and will be of the greatest use to anyone 
beginning a study in one of the fields covered, providing of course 
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that he uses it as a starting-point only and does not expect it to 
supply him with the more up-to-date references. 
K. E. B. Jay 


Catalog Cards (April-December 1948): Supplement 
to the Cumulative Catalog of Library of Congress 
Printed Cards, 1948 


Army Medical Library. Washington: Library of Congress, 
1949. 148 pages. 29 x 23cm. $2.50 


Author Catalog: Supplement to the Library of 
Congress Author Catalog, 1949 


Army Medical Library. Washington: Library of Congress, 
1950. ii + 607 pages. 30 x 23cm. $12.50 


Author Catalog: Supplement to the Library of 
Congress Author Catalog, 1950 


Army Medical Library. Washington: Library of Congress, 
1951. iii + 724 pages. 30 x 23cm. $17.50 


Now that the Index catalogue has ceased publication medical 
librarians and research workers throughout the world have been 
waiting—somewhat anxiously—-for the appearance of the annual 
volumes which are to take its place. It must be left to the statistician 
to tell us when complete coverage of the literature will be achieved. 
Five years ago more than a million titles awaited attention and it 
was the magnitude of the problem which confronted them which 
forced the responsible authorities to decide on the complete 
reorganization of the Army Medical Library’s bibliographical 
services.! Simplified rules were adopted, a subject heading authority 
file was begun, and trial use made of a new classification specially 
prepared for the Library. 

In October 1946, in association with the Library of Congress, 
there began to appear the ‘ Med card series’ of printed catalogue 
cards for newly catalogued monographs and serials. In April 1948 
the pressure on the Catalog Division and the vast increase in the 
mass of new medical literature caused the abandonment of this 
series. In order to maintain continuity the Librarian of Congress 
proposed that the entries made in the Army Medical Library 
should be published in special supplements (i) to the Cumulative 
catalog of Library of Congress printed cards and (ii) to the Library of 
Congress author catalog. The volumes now being reviewed, which 
represent new entries in the Army Medical Library catalogue for 
the period April-December 1948, and for the years 1949 and 1950, 
are the result of this happy collaboration. 

The Author catalog is to be an annual publication and each issue 
will contain the record of monographs and serials catalogued 
during the year. Individual works published in serials will be 
included where they are sufficiently substantial and important to 
warrant it. The published entries are reproduced trom typed 
catalogue cards and arranged in three columns. Authors’ names 
are given in full wherever possible and dates of birth and death are 
added as they were in the Index catalogue itself. Title, edition and 
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imprint are copied exactly from the title-page of the work entered, 
and the physical description of the book conforms with standard 
rules. Bibliographies are noted and annotations are always infor- 
mative. Each entry concludes with subject and reference tracings 
and the class mark based on the new “ W ” classification scheme of 
the Library. 

In general the subject headings seem to be well chosen, but there 
are occasional lapses; e.g. a work on the practical anatomy of the 
dogfish has’ headings “* Anatomy, comparative ” and “* Dissection ”’, 
but no reference for ‘“* Dogfish”; and another with the title ‘* Der 
elektrische Faktor der Nierenarbeit” has a reference only for 
** Kidneys—Physiology”, but none for ‘“* Electrophysiology ”’. 
Occasionally, too, the cataloguer has missed some noteworthy 
feature, such as the fact that the first chapter of Keynes’s Blood 
transfusion is one of the most detailed and authoritative histories of 
that particular subject. But these are minor sins of omission in a 
work which deserves our thanks. The 1950 volume indicates that 
the workers on the catalogue are profiting rapidly from their past 
experience, for it contains a new and important feature in the form 
of a subject index with about 20,000 entries. Medical titles pub- 
lished before 1925, except bibliographies, biographies and similar 
material, are not given subject headings in the Army Medical 
Library, so that the subject index does not include the many earlier 
works included in the author catalogue. We are informed that new 
techniques of cataloguing should reduce the difficulties of pro- 
ducing possible future cumulations of the catalogue. 

It is quite evident that the drastic reorganization of work in the 
Army Medical Library has been justified by results, and before 
many more volumes of this new catalogue have appeared it will 
surely come to be regarded by all those concerned with medical 
literature as an indispensable supplement and continuation of the 
great Index catalogue, itself ** the greatest contribution made by the 
United States to the advance of medicine ”’. 

F. N. L. Poynter 


A History of Medicine. 
Archaic Medicine 


Henry E. Sigerist. New York: Oxford University Press ; 
London: Geoffrey Cumberlege, 1951. xxi + 564 pages ; 
104 figures. 24 16cm. £2 5s. 


Four years ago Professor Sigerist relinquished his Chair of the 
History of Medicine at Johns Hopkins University, Baltimore, and 
returned to his native Switzerland in order to apply his wide learning 
and his great energy to the preparation of an eight-volume work on 
the history of medicine. 

The first volume, entitled Primitive and archaic medicine, has 
now appeared, and the author commences his vast task by showing 
how essential to the study of medicine is some knowledge of its 
history. But his is no stereotyped contribution to history; no 
mere account of deeds and dates. In his view, ‘* medical history is 
medicine also ’’, and “* today more than ever there is need also for 
medical interpretations and evaluations of the past of medicine ”’. 
He goes on to show that the history of medicine is infinitely more 
than the history of the great doctors and their books. His admir- 
able essay on the historical approach to medicine reveals him as the 
historian who, in accordance with modern thought, has set out to 
write a social history as applied to medicine, painting on a large 
canvas and taking care to depict the background as well as the detail. 
He proceeds to analyze, for our benefit, the sources from which the 
historian draws his knowledge, and it is obvious that he himself has 
cast his net very widely. For, as he says: “ . . . medical historians 
like historians at large have a great responsibility ”’. 

Having laid this sound foundation, Dr Sigerist proceeds to dis- 
cuss disease in time and space, its history and geography—the basis 
of all medico-historical work. Disease is as old, and even older, 
than man, and palaeopathology has shown disease in animals, 
millions of years before man appeared on this earth. As for medical 
geography, there is here a great field awaiting investigation; the 
cartography of disease has hardly commenced. After this essential 
and most interesting introduction, there follows an account of 
primitive medicine, that of prehistoric man and of primitive man 
as he exists today. In the minds of primitives, magic, religion and 
medicine are inseparably bound together, and modern medicine 
might well consider the advantages of a view so comprehensive. 
With a remarkable economy of words, Dr Sigerist, without any 
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sacrifice of clarity, has compressed into one hundred pages an 
excellent synopsis of the available literature on primitive medicine. 
The liberal use of footnotes and references—in the section on 
primitive medicine alone they amount to 342—greatly enhances 
the value of the book as a work of reference. 

The second half of the volume deals with those two great founts 
of early medical learning, Ancient Egypt and Mesopotamia. In 
each case an account is given, not only of the geography of the area 
concerned, but of the history of the country and, more important 
still, of the social and economic conditions as revealed in the daily 
life of the people, their food and clothing, their labour and recrea- 
tions. A number of quotations from the less-known papyri are 
given, and the account of medical practice shows how highly 
specialized was the medicine of Egypt in early times, when 
Imhotep appeared as the first physician whose name we know. 
Mesopotamia, with its ethical code of practice, its belief in evil 
spirits, its fondness for divination and its very considerable materia 
medica, is dealt with on similar lines. In these sections Dr Sigerist 
illustrates very well the method of writing history which he describes 
so clearly in the introduction. 

One expected to find an account of folk medicine, which is really 
a part of primitive medicine. But, as the author explains, folk 
medicine is timeless, and is best treated in a later volume. 

Four appendices, on histories of medicine, on source books of 
medical history, on museums of medical history and on the litera- 
ture of palaeopathology since 1930, are added to the book, and 
ought to be of great value. The list of histories is a useful guide, 
although the author’s evaluation of each is a personal opinion with 
which all historians will not agree. Very welcome is the list of 
periodicals devoted to medical history, as also is the account of 
museums illustrating the subject. Every country should have at 
least one institution of this sort. The fourth appendix classifies the 
literature on palaeopathology since 1930. The compilation of these 
catalogues must have been a gigantic task in itself, and one may well 
imagine the many hours of hard work which this first volume 
represents. 

Readers will look forward eagerly to the appearance of the 
second, and subsequent, yolumes. The arrangement is excellent 
and the printing clear, but it is most unfortunate that so important 
a book should be marred by its illustrations which, grouped 
together near the beginning, are of poor quality, crude and indis- 
tinct. It is hoped that so grave a defect will be remedied in the 
later volumes. Dr Sigerist is to be warmly congratulated on his 
work, which meets a need so fully and which already gives such 
promise of a really epoch-making contribution to the history of 
medicine. 

Douglas Guthrie 


A Short History of Anatomical Teaching in Oxford 


H. M. Sinclair & A. H. T. Robb-Smith. Oxford : University 
Press, 1950. 81 pages; 21 plates. 21 x 14cm. 3s. 6d. 


This well-produced booklet, which commemorates the exhibition 
held in 1950 to illustrate the history of the teaching of anatomy at 
Oxford, has more than a local appeal. Dr Sinclair and Dr Robb- 
Smith perform their dissection of the past most entertainingly. Their 
narrative records much solid achievement, as well as numerous 
diverting incidents, and throws some useful sidelights on the 
teaching of anatomy in general. 

The period covered is longer than the uninformed might suppose, 
for the beginnings of modern anatomy in Oxford were established 
as far back as the mid-sixteenth century, when the importance of 
dissecting came into its own. The first Readership in Anatomy 
at Oxford was founded in 1624, and a rush of progress followed 
during the second half of the seventeenth century, the age of such 
great Oxford scientists as Willis and Boyle. Nevertheless, it was 
not until the end of the nineteenth century that the value of human 
anatomy in pre-clinical training received due recognition, and the 
authors show how the comparatively recent building and organiza- 
tion of the present Anatomy Department at Oxford marks a 
distinctly new era of teaching and research. 

The anatomists themselves are revealed as a series of lively 
personalities, and it is illuminating to follow the troubles besetting 
the “* learned dissector ’’, from the inconveniences—both academic 
and social—of putrefying material, or the struggles between eager 
students and angry relatives at the foot of the gallows, to the 
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embarrassments after the 1914 war, when the Anatomy Depart- 
ment numbered four women students amongst its curiosities. 

The appendices include a bibliography, and there is a section of 
excellent plates. 

As Professor Le Gros Clark points out in his foreword, an inti- 
mate approach of this kind should do much to interest students in 
the connexion between present and past. History itself being an 
important aspect of any branch of teaching, it seems, therefore, that 
Dr Sinclair and Dr Robb-Smith, besides producing a booklet of 
general interest, have made a useful contribution to the subject of 


their study. Cw 
. Weddell 


The Physician as Man of Letters, Science and Action 


Thomas Kirkpatrick Monro. 2nd edition. Edinburgh: E. & S. 
Livingstone Ltd., 1951. vi + 259 pages. 22 x 15 cm. 
£1 1s. 


This is the 2nd edition of a book which first appeared in 1933. 
Professor Monro has revised and enlarged it, and has been able to 
include notes on such persons as O. H. Mavor (‘‘ James Bridie ”’), 
George Gask, and H. de Vere Stacpoole, all of whom died only a 
few months ago. 

The book contains brief biographies of those who, while success- 
ful (and sometimes eminent) in the practice of medicine, distin- 
guished themselves in other fields; those who deserted medicine; 
and those who studied it but never qualified. Among the first group 
one expects to find W. G. Grace, but it is interesting to be reminded 
of his elder brother Edward, who also practised medicine and played 
cricket for England. Francis Moore, physician, astrologer and 
schoolmaster, is by now forgotten, but not Old Moore’s almanac, 
which he first published in 1701 to promote the sale of Moore’s 
pills, and which has appeared each year since. 

Among those who deserted medicine we find Henry Morley (who 
became Professor of English at University College, London), 
Samuel Smiles (author of Self help and editor of the weekly Leeds 
Times), Sir Charles Wyndham (the distinguished actor), Henry 
Tonks (Slade Professor of Fine Art in the University of London), 
Thomas Bowdler (whose expurgated edition of Shakespeare led to 
the introduction of the term ‘‘ bowdlerize ”), Charles Lever (the 
Irish writer), Galvani, and George Birkbeck (founder of the college 
which now bears his name). 

Upwards of 600 medical men are mentioned, the book being 
divided into the following sections: poetry; drama; the stage; 
fiction and general literature; scholarship, bibliography and 
scientific collecting; philosophy; the Church; saints; rosi- 
crucianism; philanthropy; law, politics; ambassadors; governors 
and administrators; soldiers; explorers; science; invention; 
aeronautics; art and music; sports and games; piracy; crime; 
American medical men; Continental and other foreign medical 
men; students of medicine who never qualified. Among the last 
group are Berlioz, Darwin, Humphry Davy, Goethe, John Leech, 
Sainte-Beuve and Francis Thompson. 

This is a fascinating book which must be bought, for casual 
reading or serious study. Although others have compiled works 
on the same lines, or have written on medical truants, poets, 
littérateurs, criminals, and so on, this is the most complete work of 
its kind as far as British physicians are concerned. While a few 
names have but slender claim for inclusion, all are most accurately 
described and on almost every page can be found some little-known 
fact about a well-known figure. The writer’s wide reading makes 
the book authoritative; his polished and interesting style make it 
difficult to put it down. . a 


A Bio-Bibliography of Edward Jenner, 1749-1823 


W. R. LeFanu. London: Harvey & Blythe Ltd., 1951. 
xx + 176 pages; 29 plates. 25x 18cm. £4 4s. 


This new bio-bibliography of Edward Jenner differs in many 
respects from its predecessor by John Baron, but mainly in its mode 
of presentation. Baron, a contemporary and friend of Jenner, 
obtained his subject-matter from his intimate personal knowledge 
of Jenner and his work, whereas the author of this new book has 
relied on the bibliography he has compiled to provide his material : 
it is, therefore, more impersonal in its nature. Both, however, 
reach the same conclusion regarding the genius, scientific ability 
and versatility of Jenner. 
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The common concept of Jenner as a rural practitioner who 
accidentally stumbled on an epoch-making discovery 1s exploded 
in the first paragraph of this new bibliography. That he was a 
pupil and lifelong friend of John Hunter and collaborated with him 
in many of his scientific projects shows that Jenner was of no 
common mould. There can be little doubt that an appreciable 
amount of Jenner’s success was due to the influence and persistence 
of Hunter, who frequently acted as question-master, leaving Jenner 
to provide the answers to many of the scientific problems ; yet, 
even had there been no Hunterian influence, it is quite obvious that 
Jenner’s genius would have carried him to the heights he ultimately 
reached. As each of his discoveries is unfolded one realizes more 
and more fully the greatness of the man. ; 

As one would expect, the author allots the major part of the book 
to Jenner’s investigation into cow-pox, the relationship of cow-pox 
to small-pox, and his experiments on vaccination. Here, the sheer 
concentration of the material—which includes full bibliographical 
descriptions and photographic reproductions of title-pages of many 
of his numerous treatises and pamphlets in various languages— 
has, unfortunately, an adverse effect on holding the reader’s interest. 

Apart altogether from these discoveries of paramount import- 
ance, several of Jenner’s other contributions to medicine merit 
greater acknowledgement than has hitherto been bestowed on them. 
Among them are his recognition of the part played by disease of 
the coronary arteries in some cases of angina pectoris, and his 
views on heart disease following rheumatism. It is of interest to 
know that he diagnosed Hunter’s last illness as angina pectoris and 
forecast correctly the autopsy findings. 

Jenner had interests embracing fields other than those of pure 
medicine: he was an ornithologist of no mean repute, and had more 
than a passing interest in geology. His treatises on the migration 
of birds and on the various aspects of the life of the cuckoo, topics 
of acrimonious discussion in his day, were accepted as authorita- 
tive and have stood the test of time. His description of the geology 
of the district around his home is, although probably of limited 
value and interest, nevertheless worthy of mention. 

His versatility did not end here. He was a patron of the arts 
and we are informed that he was no mean musician and that he 
wrote verse. This book reflects numerous other facets of Jenner's 
life’'and achievements. It shows the high esteem in which he was 
held throughout the world during his lifetime and the influence his 
name produced on Napoleon and other people of power during 
that period. ; 

The author has provided in the comparatively small compass of 
176 pages a composite picture of his subject and a comprehensive 
bibliography. The text is clear and the matter affords easy, 
pleasant and instructive reading. The edition is limited to a 
thousand copies at four guineas per copy, a price which may, 
unfortunately, further limit its circulation. ; 

D. C. Liddle 


Doctors by Themselves: an Anthology 


Edward F. Griffith, London: Cassell & Co. Ltd., 1951. 
xxiv + 614 pages; illustrations. 22 x 15cm. £1 1s. 


This is a pleasant book to have beside your bed. It ought to be 
a book for browsing and dipping and skipping. But I found that 
wherever I started I went on reading steadily and happily. The 
reason for this is not far to seek: this book represents the labour of 
years and it was clearly a labour of love. ; 

Lord Horder says in a brief foreword that the compiler’s “ cathol- 
icity is only equalled by his forbearance.” It is a wonderfully 
catholic anthology, in five main sections: “* The doctor at work ”’; 
“‘ The doctor amuses himself”; ‘‘ The doctor’s troubles”; “* The 
doctor looks at life’; and ‘* Life, death and immortality ”’. 

It would have been easy enough to take selections from the 
writings of all the great figures in the history of medicine. Dr 
Griffith has elected a more difficult and a more rewarding approach. 
Many of the great are represented by their own writings. Many 
more are recalled by the comments made upon their work by other 
doctors almost as distinguished. Thus it is John Freind who writes 
on John of Gaddesden; John Abernethy on John Hunter; Greville 
MacDonald—and, of course, Henley—on Lord Lister. ; 

It is amusing to guess at the compiler’s own favourites. Tobias 
Smollett and Ambroise Paré are certainly among them. It is 
refreshing to find the late Sir Maurice Cassidy writing not so wel} 
as Galen and on much the same theme. And it is good to find 











PARTICULARS OF BOOKS REVIEWED ELSEWHERE 


familiar names among those not nearly so familiar. You read 
Keats and Nathaniel Hodges and J. Y. Simpson and then wonder 
who on earth was C. C. Bombaugh. Dr Griffith foresaw precisely 
this kind of reaction and therefore provided the biographical notes 
in which you can find at least enough to whet your curiosity even 
more. There is a full index of sources, too, and even a bibliography 
for the biographical notes. 

So much for catholicity. Forbearance is the right word, too: 
over and over again I found myself wishing that Dr Griffith had 
carried the quotation just that much further. In other words, he 


had stopped at the right point. I have already had to go to the 
libraries to find out, for example, what else John Hunter had to 
say about Mrs Siddons. 

There are mistakes, of course. Claudius Galen is a venerable 
error and there are others which are more recent and are not of the 
least importance. Nobody ever made this kind of a book without 
making a handful of mistakes. But there must be few compilers 
who enjoyed their task so much—and even fewer who reveal 
themselves so clearly through the writings of others. ee 
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The numerals in square brackets 
are the PAGE numbers of the 
articles in which these books are 
reviewed 


[262]'Deficiency Diseases in Japanese Prison Camps 


Dean A. Smith & Michael F. A. Woodruff, with an introduction 
by J. Bennet. London: His Majesty’s Stationery Office, 1951. 
(Medical Research Council Special Report Series No. 274.) 
viii + 209 pages; 5 plates; 17 figures. 24 x 15cm. 6s. 6d. 


[262] Studies of Undernutrition, Wuppertal, 1946-9 


Members of the Department of Experimental Medicine, Cam- 
bridge, and Associated Workers. London: His Majesty’s 
Stationery Office, 1951. (Medical Research Council Special 
Report Series No. 275.) xiv + 404 pages; 62 plates. 24 x 15 
cm. 12s. 6d. 


{265) Favourite Prescriptions 


Edited by Heneage Ogilvie & William A. R. Thomson. London: 
The Practitioner, 1950. 76 pages; illustration. 24 x 16cm. 
4s. 
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[265] Pars pro Toto: Breviarium Medicum Inter- 
nationale 


Alfred Peyser. Stockholm: Almqvist & Wiksell, 1950. 196 
pages. 16 x 11cm. 10.84 kr. (Swedish) 


[266] Report on the Activities and the Meeting of the 
Co-ordinating Committee on Abstracting and 
Indexing in the Medical and Biological 
Sciences 

United Nations Educational, Scientific and Cultural Organiza- 
tion. Paris: United Nations Educational, Scientific and 


Cultural Organization [1951]. (Unesco Publication 580.) 
92 pages. 24 x 15cm. 5s. 


[267] Leprosy : Addendum to the Third Edition 


Leonard Rogers & Ernest Muir. Bristol: John Wright & Sons 
Ltd., 1951. 16 pages; 2 figures. 21 x 14cm. 2s. 6d. 


[268] The Story of St Luke’s Hospital 


C. N. French. London: William Heinemann Medical Books 
Ltd., 1951. vii + 212 pages ; 8 plates. 22 x 14cm. 8s. 6d. 
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New Editions 


Diathermy: Short-Wave Therapy, 
Inductothermy, Epithermy, Long-Wave 
Therapy 


William Beaumont. 2nd edition. London: 
H. K. Lewis & Co. Ltd., 1951. viii -+ 230 
pages; 114 illustrations. 22 x 14cm. £1 1s. 


Twelve years after the first appearance of this 
concise textbook, the Director of Physical Medicine, 
Westminster Hospital, has prepared what is, in 
effect, a new work, to meet the altered requirements 
of physiotherapists and of practitioners studying 
for the recently instituted diploma for physical 
medicine. Advances in knowledge of the physical 
principles of long-wave and short-wave diathermy 
are incorporated in chapters on those subjects, and 
new apparatus and techniques and their risks and 
dangers are described, before Dr Beaumont proceeds 
to deal with the treatment of joints, soft tissue 
structures, suppurative conditions, organs of sense 
and systemic conditions. Mr C. M. Dowse, a 
physicist, is responsible for the chapters on physical 
principles and the technicalities of the construction 
of apparatus. A glossary completes this usefully 
illustrated and well-produced small book. 


Gynaecological Endocrinology for the 
Practitioner 

P. M, F. Bishop. 2nd edition. Edinburgh; 
E. & S. Livingstone Ltd., 1951. ix -+- 132 pages: 
16 figures. 19 x 13 cm. 12s. 

As the title of this book implies, it was written 
primarily for the general practitioner. Neverthe- 
less, in this 2nd edition the needs of postgraduate 
students of gynaecology and obstetrics have been 
borne in mind. Orthodox views on the subject have 
changed during the four years since the Ist edition 
was published and this has necessitated the re- 
writing of a large part of the text. A chapter on 
steroid chemistry has been added, but the appendix 
on commercial preparations has been omitted. 

The Ist edition was reviewed in British Medical 
Bulletin, 1947, Vol. 4, p. 443. 


Diseases of the Nervous System 


W. Russell Brain. 4th edition. London: 
Geoffrey Cumberlege, 1951. xxii + 1002 
pages; 84 figures. 22 x 14cm. £2 2s. 


The four years which have passed since the 3rd 
edition of this book was published have seen many 
advances in treatment of diseases of the nervous 
system. Particularly notable have been the intro- 
duction of streptomycin for tuberculous and other 
forms of meningitis, vitamin B,, for subacute com- 
bined degeneration, and new drugs for epilepsy and 
parkinsonism. In addition to amplifying certain 
sections, the author has added new ones on lepto- 
spiral meningitis,¥ temporal arteritis, infectious 
mononucleosis, sarcoidosis, and compression of the 
median nerve in the carpal tunnel. 

The 3rd edition was reviewed in British Medical 
Bulletin, 1948, Vol. 5, p. 410. 


Muir’s Text-Book of Pathology 
Revised by D. F. Cappell. 6th edition. London: 
Edward Arnold & Co., 1951. xx + 1090 
pages; 636 figures. 23 x 15 cm. £2 10s. 
Although this book was written primarily for 
undergraduates the author hopes that by the incor- 
poration of more recent advances in clinical, experi- 
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mental and endocrine fields of pathology the book 
has been made of value also to postgraduates. The 
book is intended to be used ‘“‘ beside the micro- 
scope ’’, and Dr Cappell stresses that the importance 
of necropsy in the teaching of pathology ‘“‘ can 
hardly be over-emphasized ”, and that ‘‘ there is no 
substitute for experience gained in the post-mortem 
room”, The text is amply illustrated, and a short 
bibliography is included which is intended to act as a 
historical introduction to 1..¢ literature. 


The Early Diagnosis of the Acute 
Abdomen 


Zachary Cope. 10th edition. London: 
Geoffrey Cumberlege, 1951. xv + 270 pages; 
39 figures. 22 x 14cm. 15s. 


In the preface of the Ist edition the author referred 
to the truism that “‘ early diagnosis means better 
prognosis”. ‘This book is concerned with the sig- 
nificance of the early symptoms of acute abdominal 
disease and with points of diagnosis which some- 
times do not receive the attention they deserve. In 
this 10th edition some minor alterations have been 


made and a few paragraphs have been added to bring 
the teaching up to date. 


Food and Nutrition 
E. W. H. Cruickshank. 2nd edition. Edinburgh : 


E. & S. Livingstone Ltd., 1951. xi+ 443 pages; 
51 figures. 22 x 14cm. £1 10s. 


Since the Ist edition of this work appeared in 1946, 
much research on foods and nutritive values has been 
carried out. Dr Cruickshank, in the Ist edition of 
his book, advocated a journal dealing with nutrition 
and in 1947 the British Fournal of Nutrition made its 
first appearance. In this 2nd edition the author has 
seized the opportunity to bring the text up to date, 
taking into consideration recent research, statistical 
investigation and statutory instruments. 

The Ist edition was reviewed in British Medical 
Bulletin, 1946, Vol. 4, p. 434. 


Medical Disorders of the Locomotor 
System, including the Rheumatic 
Diseases 

Ernest Fletcher. 2nd edition. Edinburgh: 


E. & S. Livingstone Ltd., 1951. xii -+ 884 
pages; 377 figures. 25 x 16cm. £3 


The author has thoroughly revised the text for the 
2nd edition of this work, and has added chapters 
or sections on pain, physiology and pathology of 
bone, synovial mucin, neuralgia and neuritis, the 
collagen diseases, psychiatric aspects of locomotor 
disorders, and hydrotherapy. The subject of corti- 
sone and adrenocorticotrophic hormone (ACTH) 
is discussed in a new appendix, as the continuous 
advances brought about by the introduction of these 
drugs have made it impossible to keep all the chapters 
up to date. 

The Ist edition was reviewed in British Medical 
Bulletin, 1947, Vol. 5, p. 270. 


Introduction to Surgery 


Virginia Kneeland Frantz & Harold Dortic Harvey: 
New York: Oxford University Press; London: 
Geoffrey Cumberlege, 1951. xii + 233 pages; 
12 figures. 19 x 12cm. £1 1s. 

This book, based on the second-year course in 
surgery at the College of Physicians and Surgeons, 
Columbia University, has since the Ist edition been 
subjected to the criticism of four classes of students. 
These criticisms and the advances in therapy 
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which have been made, particularly in the use of 
antibiotics, have led to the revision of the text in the 
2nd edition, and to the incorporation of an additional 
chapter, ‘* The new surgery”’. 

The Ist edition was reviewed in British Medical 
Bulletin, 1947, Vol. 5, p. 274. 


The Microtomist’s Vade-Mecum 
(Bolles Lee). A Handbook of the 
Methods of Animal and Plant Micro- 
scopic Technique 


Edited by J. Bronté Gatenby & H. W. Beams. 
11th edition. London: J. & A. Churchill Led., 
1950. xiv + 753 pages; 8 illustrations. 
22 x 14cm. £2 5s. 


The Ist edition of this well-known work ap- 
peared in 1885, and in spite of the fact that it has now 
appeared in an 11th edition some parts of the book 
are still largely the work of the original author, Bolles 
Lee. Publication of this edition has been delayed 
until some years,after the end of the Second World 
War in order that any new methods of value which 
had been produced in Europe might be considered. 
The editors decided that a chapter was necessary 
on ‘* The laboratory cultivation of invertebrata”’, 
and Dr L. Hyman has contributed this; chapters 
on tissue culture and staining have been omitted, 
as it was necessary to keep the work within a reason- 
able size. Dr Callan, of the Edinburgh Genetic 
School, is a new contributor who has taken over the 
chapter on chromosomes. A number of other 
chapters have been rewritten entirely or in part. 
As much of the older material as possible has been 
retained, as it has often been found that in reading 
of some apparently obsolescent methods, a worker 
has found help in solving some technical difficulty. 
The index in this edition is shorter than in the last, 
but to facilitate the finding of important formulae 
page references to them have been printed in heavy 
type. 


Quantitative Organic Microanalysis, 
Based on the Methods of Fritz Pregl 


Revised and edited by Julius Grant. 5th English 
edition. London: J. & A. Churchill Led., 1951. 
ix + 342 pages; 183 illustrations. 25 x 16cm. 
£1 10s. 


The object of this standard textbook on organic 
microanalysis is to embody the outstanding ex- 
perience of leading microanalysts throughout the 
world. Advances in knowledge made in Europe 
during and since the Second World War on such 
subjects as the method of direct determination of 
oxygen, selenium and antimony have been in- 
corporated in this edition. An appendix reproduces 
verbatim specifications of the copyright owners— 
the British Standards Institution and the American 
Chemical Society—for standardized apparatus. 
Full bibliographies contain references to original 
literature. 


The Essentials of Modern Surgery 


Edited by R. M. Handfield-Jones & Arthur E. 
Porritt. 4th edition. Edinburgh: E. & S. 
Livingstone Ltd., 1951. xv + 1263 pages; 
641 illustrations. 25 x 16cm. £2 15s. 


A number of changes has been made to the 4th 
edition of this excellently produced work. Mr 
Holmes Sellors has taken over the chapter on chest 
surgery, and has added a section on those diseases 
of the heart and great vessels which are amenable to 
surgical treatment. J. F. Simpson has thoroughly 








revised the section on the ear. The new anti- 
biotics have been described, surgical treatment of 
the reticuloses has been mentioned, and a brief 
review of the surgery of the adrenal gland has been 
added. Also, a number of illustrations has been 
deleted and more instructive ones added. In spite of 
these changes the size of this book has not increased. 

The 3rd edition was reviewed in British Medical 
Bulletin, 1949, Vol. 6, p. 241. 


Clinical Practice in Infectious Diseases: 
for Students, Practitioners and Medical 
Officers 


E. H. R. Harries & M. Mitman, with the collabora- 
tion of lan Taylor. 4th edition. Edinburgh: 
E. & S. Livingstone Led., 1951. x + 717 pages: 
48 figures. 22 x 14cm. £1 10s. 


The reappearance of this textbook will be wel- 
comed, as it has been out of print for over a year. 
In the preparation of this 4th edition Dr Ian Taylor 
has collaborated with the original authors. To 
this edition has been added an appendix in which 
are summarized the facilities offered to practitioners 
and medical officers of health by the Public Health 
Laboratory Service; information is also given 
concerning the collection of pathological material 
which may be sent to the laboratories of the Service 
for analysis. 

The Ist edition was reviewed in British Medical 
Bulletin, 1944, Vol. 2, p. 131, and the 3rd in 1947, 
Vol. 5, p. 101. 


A Synopsis of Regional Anatomy 


T. B. Johnston. 7th edition. London: J. & A. 
Churchill Led., 1951. viii + 448 pages; 20 
plates; 17 figures. 21 x 14cm. £1 2s. 6d. 


The author of this book emphasizes that it should 
be consulted only after the actual work on dissection 
of parts of the human body has been completed, 
and when revision, which should always be carried 
out in the dissecting room, is being undertaken. 
For this reason no illustrations of topographical 
anatomy have been included, but a number of x-ray 
plates, and some figures illustrating the surface 
anatomy of the living body, have been added to the 
7th edition. 

The 6th edition was reviewed in British Medical 
Bulletin, 1949, Vol. 6, p. 246. 


Handbook of Physiology & Bio- 
chemistry (Originally ‘‘ Kirkes’ ’’ and 
later ‘* Halliburton’s ’’) 


R. J. S. McDowall. 41st edition. London: 
John Murray, 1951. x -+ 767 pages; 315 
figures. 24 x 16cm. £2 


That a new edition of this well-known work has 
been called for at so short an interval after the publi- 
cation of the centenary edition in 1950 is a measure 
of its usefulness and popularity. It is designed 
p-imarily for the medical student and its emphasis 
is placed on principles rather than on details. In 
this 41st edition a number of sections has been 
rewritten or improved by additions. 

A full essay-review of the 40th edition appeared in 
British Medical Bulletin, 1951, Vol. 7, p. 231. 
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Panton & Marrack’s Clinical Patho- 
logy 


H. B. May & J. R. Marrack. 6th edition. 
London: J. & A. Churchill Led., 1951. xi + 512 
pages; 16 plates; 28 illustrations. 23 x 14cm. 
£1 10s. 


This book is designed to be a survey of the 
technique of commonly used laboratory methods. 
It should be useful to junior pathologists and medical 
students, and to medical laboratory technicians. 

Since the 5th edition was published, the senior 
and original author, Sir Philip Panton, has died. In 
addition to the rearrangement of a number of 
sections, new chapters have been introduced on 
fungi and parasites, on renal efficiency tests, and on 
vitamins and hormones; a short chapter on the 
investigation of some common clinical states has 
been included as a help to junior medical officers. 


Pathological Histology 


Robertson F. Ogilvie. 4th edition. Edinburgh: 
E. & S. Livingstone Ltd., 1951. xii + 506 pages; 
295 photomicrographs. 22 x 15cm. £2 


This book is one of the works on pathology 
recommended for medical libraries by the medical 
section of the Library Association. The 4th edition 
includes a quantity of new material, which has been 
chosen particularly with a view to obviating de- 
ficiencies and extending the range of pathological 
processes described in the previous edition. There 
is also a number of new illustrations. 

The 3rd edition was reviewed in British Medical 
Bulletin, 1947, Vol. 5, p. 401. 


Bacterial and Virus Diseases: Anti- 
sera, Toxoids, Vaccines and Tuber- 
culins in Prophylaxis and Treatment 


H. J. Parish. 2nd edition. Edinburgh: E. & S. 
Livingstone Ltd., 1951. viii + 204 pages; 
iMustrations. 19 x 13 cm. 10s. 6d. 


This book was intended to present the essential 
principles of immunology and their practical 
application to human medicine, in a form convenient 
for practitioners and senior students. Rapid progress 
in immunology and clinical serology has been made 
since the Ist edition was published in 1948, and this 
2nd edition has been completely revised. 

The Ist edition was reviewed in British Medical 
Bulletin, 1949, Vol. 6, p. 134. 


A Text-Book of X-Ray Diagnosis, by 
British Authors, in Four Volumes 


Edited by S. Cochrane Shanks & Peter Kerley. 
2nd edition. London: H. K. Lewis & Co. Ltd., 
1951. Vol. 1: Head and Neck. xiv + 434 
pages; 439 illustrations. 24 x 17 cm. £2 5s. 
Vol. 2: Chest. xv + 702 pages; 605 illustra- 
tions. 24x 17 cm. £3 5s. Vol. 3: Abdomen. 
xvii + 830 pages; 694 illustrations. 24 x 17 
em. £3 10s. Vol. 4: Bones, Joints and Soft 
Tissues. xvii + 592 pages; 553 illustrations 
£3 


As stated in the preface of the Ist edition of this 
work, the object of the editors is ‘‘to provide 
within reasonable limits a comprehensive survey 
of the present position of X-ray diagnosis”. Over 
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10 years have elapsed since the Ist edition appeared, 
and there have been many changes and additions 
to the field of diagnostic radiology. For the con- 
venience of clinicians who are mainly interested in a 
special branch of medicine, the subject-matter has 
been subdivided as shown in the bibliographical 
details printed above this review. 


Diseases of Infancy and Childhood 


Wilfrid Sheldon. 6th edition. London: J. & S. 
Churchill Led., 1951. xii + 812 pages; 23 
plates; 182 figures. 22 x 15 cm. £2 


Since the 5th edition of this book was published 
in 1946, there have been marked developments in 
clinical paediatrics. The sulphonamides and anti- 
biotics have altered the incidence and revolutionized 
the prognosis and treatment of many diseases. One 
result of this has been to remove certain diseases 
from the care of the general practitioner to that of 
the hospitals, while other diseases are now more 
often dealt with in the home. Several sections of the 
book have therefore been largely rewritten, and 
some 16 conditions and treatments are mentioned 
for the first time. 

The 5th edition was reviewed in British Medical 
Bulletin, 1947, Vol. 5, p. 102. 


Oral and Dental Diseases: Aetiology, 
Histopathology, Clinical Features and 
_ Treatment. A Textbook for Dental 
Students and a Reference Book for 
Dental and Medical Practitioners 


Hubert H. Stones. 2nd edition. Edinburgh: 
E. & S. Livingstone Ltd., 1951. xix + 1012 
pages; 959 illustrations. 25 x 18 cm. £5 


The issue of the 2nd edition of this work, which 
is intended for dental students and dental and medi- 
cal practitioners, has enabled the author to revise the 
text, to rewrite some of the chapters—for example, 
that on the aetiology of dental caries—and to add 
fresh material. The latter includes results of new 
work, a new section on diseases of the nervous system 
and muscles, and a number of additional illustrations. 

The Ist edition was reviewed in British Medical 
Bulletin, 1949, Vol. 6, p. 98. 


Medical Bacteriology, including Ele- 
mentary Mycology, Protozoology and 
Helminthology 


Lionel Whitby & Martin Hynes. 5th edition. 
London: J. & A. Churchill Led., 1951. viii + 
544 pages; 92 illustrations. 21 x 14 cm. 
£1 2s. 6d. 


In presenting this work, the authors have had in 
mind the view-point of the clinical pathologist. 
Since the Ist edition appeared more than 20 years 
ago, the emphasis of academic bacteriology has shifted 
and there has been a great increase in knowledge of 
viruses, owing to the development of cultural 
methods. However, the epidemiology, the diag- 
nosis, and the prevention and treatment of infections 
of bacterial diseases are emphasized in this book more 
than are the minutiae of academic bacteriology. 

The 4th edition was reviewed in British Medical 
Bulletin, 1944, Vol. 2, p. 90. 
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Reviews of many of these books 
appear in this number of the 
Bulletin or will appear in future 
numbers ; 


Albert, A. Selective toxicity, with special reference to 
chemotherapy. 1951. Methuen (London), 7s. 6d. 


Almeida, A. D. de. Contribuigdo para o estudo da 
anastomose espleno-renal (com especial atengdo a via 
de acesso). 1951. Sao Paulo 


Almeyda, J. Major symptoms in clinical medicine. 
Vol. 2. 1951. Kimpton (London), £1 5s. 


Amulree. Adding life to years. 1951. National 
Council of Social Service (London), 8s. 6d. 


Bell, E. T., editor. Hypertension. (A symposium 
held at the University of Minnesota on September 
18, 19, and 20, 1950, in honor of Elexious T. Bell, 
MD., Benjamin J. Clawson, M.D., and George 
E. Fahr, M.D.) 1951. University of Minnesota 
Press (Minneapolis); Geoffrey Cumberlege (Lon- 
don), £3 


Berman, C. Primary carcinoma of the liver: a 
study in incidence, clinical manifestations, pathology 
and aetiology. 1951. Lewis (London), £1 15s. 


Biancani, E. Le médecin face au malade. 1951. 
L’Expansion Scientifique Frangaise (Paris) 


Biochemical Society. The biochemistry of fertiliza- 
tion and the gametes. (Biochemical Society 
Symposia No. 7.) Organized and edited by R. T. 
Williams. 1951. University Press (Cambridge), 
9s. 6d. 


Bowley, A. H: Child care: a handbook on the care of 
the child deprived of a normal home life. 1951. 
Livingstone (Edinburgh), 10s. 6d. 


Brain, W.R. Diseases of the nervous system. 4th ed. 
1951. Geoffrey Cumberlege (London), £2 2s. 


Bramwell, C. The approach to cardiology. 1951. 
Geoffrey Cumberlege (London), 17s. 6d. 


British Empire Cancer Campaign. Twenty-eighth 
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Dindevan 


(PHENYLINDANEDIOWN E) 


Evans introduce into this country for the first time, a synthetic anticoagulant 
which has marked advantages over the coumarin derivatives at present in use. 
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PRELIMINARY Clinical trials carried out in this country confirm the results with 
phenylindanedione reported from France, Canada and America. 


DINDEVAN (phenylindanedione) is a synthetic anticoagulant which, like the 
coumarin derivatives, effectively lowers the prothrombin content of the blood 
when given orally. It this prolongs the coagulation time of the blood. 


DINDEVAN possesses advantages over dicoumarol and other coumarin 
derivatives in that it is excreted and inactivated sufficiently rapidly to reduce 
the danger of cumulative effects yet not so rapidly as to cause difficulty in 
maintaining a therapeutic prothrombin level. 





DINDEVAN produces its therapeutic effect in 24-36 hours after the initial dose. 
36 hours after stopping the drug there is a marked fall of the prothrombin time 
to near normal, even where the blood prothrombin has been maintained at a 
therapeutic level for some weeks. 





PRESENTATION : Scored tablets each containing 50 mgm. 
of phenylindanedione. Containers of 25 and 100 tablets 


Further information on request to Medical Information Department 


EVANS MEDICAL SUPPLIES LTD 
Speke - Liverpool 19 


HUN«ts Cross 188! ® Evansmed Liverpool 


London Office: RUISLIP, MIDDLESEX @ RUISLIP 3333 
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Cardiovascular Research 


Progress in understanding disease processes is determined by the availability and applic- 
ability of laboratory techniques. Clinical investigation closely follows physiology, while surgery 
and pharmacology provide its therapeutic “experiments”. Of all the branches of medicine, 
cardiovascular disease at the present day is the most richly endowed with the instruments of 
progress, and the spectacular advent of surgery into cardiology has increased the demand for 
diagnostic application of the most advanced techniques as a preliminary to operation. A general 
sharpening of diagnostic wits has resulted. Even the old art of auscultation is now being subjected 
to critical re-analysis by indisputable recording of sounds in relation to mechanical events within 
the heart, such as Leatham describes in this symposium in his paper on phonocardiography. The 
most striking advances in knowledge of the dynamics of heart failure have resulted from the 
application of cardiac catheterization. Though not totally devoid of risk this method is here to 
stay, and in many clinics it is now being supplemented by other methods such as the Hamilton 
dye technique for estimation of cardiac output and intrathoracic blood volume. Holling, in his 


paper on surgery of the heart, quotes some of the results obtained by Kopelman and Lee, who 
have used this method. 








Pulmonary vascular pressures are capable of exact 
measurement with modern techniques. It has always 
been surmised that various stages of left heart failure 
would lead to a rise in pulmonary vascular pressures. 
Measurement of such pressures has brought out several 
interesting and important points. 

i. In acute episodes of left ventricular failure the 
pressure rises fairly evenly through the veins, capillaries 
and arteries of the lungs. 

ii. In mitral stenosis the pulmonary artery pressure 
may rise in some cases to levels comparable with, or even 
higher than, the systemic pressures in the same indi- 
vidual. This is accompanied by the development of 
very severe reactive thickening in the pulmonary arteries 
and veins, with very considerable arteriolar resistance in 
the lungs, as may be seen from the papers by Wood and 
by Holling. Dye studies have shown that engorgement 
of the lung vessels in left ventricular failure is accom- 
panied by a very significant increase in the volume of 
blood within the lungs, but in mitral stenosis this ex- 
pected increase does not take place (Kopelman and Lee, 
quoted by Holling). Wood discusses a “ protective” 
pulmonary obstruction in the latter cases, but the 
mechanism involved is not yet clear. He also empha- 
sizes the importance of clinical recognition of hyper- 
trophied action of the right atrium in patients with pul- 
monary hypertension in general. A giant @ wave in the 
neck veins is an important sign in such cases. 

iii. In emphysema associated with chronic bronchitis 
there is a rise in pulmonary arterial pressure during acute 
exacerbations of the bronchitis when asphyxia has be- 
come more severe than usual. It is at this stage, as 
Bayliss emphasizes, that emphysema heart failure is 
likely to develop. With recovery from bronchitis the 
pressure subsides and the heart may recover almost 
completely. Extensive studies have been made on this 
condition, with simultaneous determination of the 
severity of emphysema by techniques which permit the 
measurement of the efficiency of the lungs as ventilating 
organs. The rise of pulmonary arterial pressure in 
emphysema is not related to the degree of anatomical 
destruction of alveoli but rather to some temporary im- 
pairment of functional capacity of the lungs during 
exacerbations of bronchitis. However, in his paper on 
pulmonary hypertension, Wood describes cases in which 
a more persistent obstruction may develop. 

The impact of these and other similar studies on our 
conception of heart failure has been very great. The 
mechanisms ultimately leading to peripheral venous 
congestion vary considerably in different disorders. 
Emphysema heart failure may result from episodic and 
functional pulmonary hypertension; mitral stenosis 
may lead to engorgement of the lungs, or alternatively 
the right heart may be most severely stressed when gross 
pulmonary hypertension complicates the picture; left 
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ventricular failure may occur with a right ventricle acting 
in a more or less physiological fashion. In the past 
there was too great a tendency to regard “ congestive 
failure ” as a single complete entity resulting from various 
types of overload. Progress to our present state of 
knowledge has been halting and difficult. Good methods 
of estimating cardiac output compelled us to accept the 
awkward fact that congestive failure could be present 
with a normal or even with a high cardiac output. 
Digitalis appeared to raise the output of the heart when 
this was low, but was often without much measurable 
beneficial influence when the output was high, and the 
drug often produced a fall in venous pressure inde- 
pendently of change in cardiac output. These puzzling 
facts were difficult to explain and for a time the idea was 
entertained that success or failure of digitalis might be 
determined by the varying reaction of the heart to some 
primary action of digitalis on the venous pressure. A 
new phase was entered, however, when optical recording 
of pressure curves from the right heart was shown to be 
feasible. This permitted the construction of a much 
more complete picture of haemodynamic events. Not 
only could the output of the right ventricle be estimated, 
but the exact diastolic filling pressure of the chamber 
could be measured as well as the height of pressure it 
achieved in ejecting a measurable quantity of blood. 
Pressure changes give a better index of the functional 
state of the heart than: output changes alone. With the 
new outlook that has developed, each case of “ con- 
gestive failure’ can now be analyzed in much greater 
detail than ever before. 

The whole subject has been reviewed from this new 
angle by the writer in the Oliver Sharpey Lectures (Brit. 
med. J., to be published). Digitalis action has been re- 
analyzed with full attention to the varying behaviour of 
the right and left sides of the heart. When the myo- 
cardium becomes hypodynamic its action is strengthened 
by digitalis. There are, however, numerous instances 
in which a raised venous pressure may be a “ compen- 
sating ” reaction to an excessive load, but so long as the 
myocardium is in a truly physiological state, digitalis 
will exert little effect. We can now discern more clearly 
the reasons for success or failure of this important and 
puzzling drug in various congestive states. 

Heart failure will continue to be subjected to a much 
closer and more detailed analysis by these modern tech- 
niques. Problems still abound. Why, for example, 
does the cardiac patient pass into a dying state with a 
resting output of the heart within the lower range of 
normal? A study of the metabolic consequences of 
circulatory break-down may yield a rich harvest of ideas 
in the future. 

While such direct studies proceed on the late results of 
cardiac disease the approach to prevention is being 
actively pursued. In this symposium Bywaters describes 
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the study of aetiological factors in rheumatic heart 
disease. He points out that the ground substance of 
collagenous tissues in rheumatic subjects seems to be 
abnormal, and he speculates on the possibility of some 
local antigen-antibody reaction in the production of 
rheumatic valvulitis. Whether or not cortisone is likely 
to affect the long-term outcome in cardiac rheumatism 
may take years to decide. In the perplexing problem of 
coronary disease, Shillingford finds differences in the 
reaction of the coronary vascular system in benign and 
malignant hypertension and leaves open the question as 
to whether mural thrombi on the arteries may not lead 
to atheroma as had been suggested by Duguid. Hyper- 
tension, that major blight of civilized man, continues to 
be subjected to critical study by Pickering, who writes 
on heredity in its causation, while Clifford Wilson points 
out the inadequacy of the renin hypothesis and empha- 
sizes the possible importance of adrenal and electrolyte 
balance factors. A major step in the practical manage- 
ment of hypertension has followed the introduction of 
hexamethonium, and Paton discusses some details of 
the action of this drug on the circulation, and problems 
of its administration to man. 

The vascular system cannot be subdivided into com- 
partments, and lessons learned from the study of blood 
vessels in the limbs may have a salutary influence on our 
thoughts about the visceral circulation. Goodwin dis- 
cusses the pharmacological approach to the ischaemic 
limb, while Learmonth and Slessor emphasize the value 
of sympathectomy in patients in whom a better collateral 
circulation is likely to help. These articles should be 
read in conjunction with Barcroft’s masterpiece of com- 
pressed information on the innervation of the limb 
vessels; his findings should dispel all complacency. 


Denervated vessels become excessively sensitive to 
adrenaline, and furthermore, there is a return of sym- 
pathetic innervation within a year. 

Sharpey-Schafer summarizes some pertinent observa- 
tions which indicate that the cardiologist neglects the 
peripheral circulation at his peril. Certain physiological 
reactions of the peripheral vessels are completely re- 
versed in heart failure. Coughing and the Valsalva 
manoeuvre produce most interesting vascular reactions, 
the final analysis of which will inevitably alter many of 
our current working hypotheses. The analysis of the 
mechanisms involved requires some knowledge of 
possible reflexes in the central part of the circulatory 
system. An expert account of reflexes arising from the 
heart and lungs is given by Dawes. The problem of 
function of these various reflexes is still very formidable. 

This whole symposium exemplifies the value of the 
direct application of physiological techniques for the 
study of the circulation in man. The circulation in 
man must differ very considerably in the detail of its 
control from that of animals, in which the normal body 
posture is horizontal. The adoption of the upright 
position by human beings must have been accompanied 
in the evolutionary process by the development of a 
much more reliable reflex machinery for maintenance of 
arterial pressure in this position than that which is 
possessed by most animals, with the single possible ex- 
ception of the giraffe. Certain aspects of circulatory 
physiology are now being worked out afresh with man 
himself as the test animal, and simultaneously a very 
wide field of cardiovascular reactions in a variety 
of different diseases is now being subjected to close 
analysis. 

John McMichael 


Professor McMichael has earned the thanks of the editors and readers of British Medical 
Bulletin by contributing this Introduction and by his advice and help in planning the 
symposium. 


The First European Congress of Cardiology will be meeting in London from the 9-12 
September, within a day or two of the publication of this number of the Bulletin. We wish 
to extend our best wishes to all members of the Congress for a successful meeting. 
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The arterial blood pressure may become raised transiently or 
persistently in a variety of diseases having more or less well- 
defined characteristics. These diseases will be mentioned 
briefly at the end of this article. More commonly the rise of 
arterial pressure is the presenting abnormality throughout 
and may possibly play the chief role in determining the 
changes in structure or function which limit the subject’s 
ability to live a full and carefree life and ultimately determine 
his death. Such patients, suffering from what is generally 
termed essential hypertension, form numerically much the 
more important group, accounting for more than three-fourths 
of all cases. It is much the more difficult to study, chiefly 
because its presenting feature, the raised blood pressure, is a 
characteristic that is not obvious to the patient or his friends ; 
because the blood pressure is not fixed but varies with 
circumstances ; and because the normal limits of arterial 
pressure are exceedingly difficult to define. 


1. Some Factors Influencing the Blood Pressure 
a. Casual and Basal Blood Pressure 


The arterial pressure is raised by mental, emotional and 
physical activity which, in varying intensity, are the common 
lot of all in the waking state. The full extent of these varia- 
tions in ordinary life in individuals of different ages and with 
different blood pressures will not be known until many 
continuous records of arterial pressure have been obtained. 
It is, however, known that, as measured in the semi-sedentary 
state by the Riva-Rocci method at frequent intervals, the 
variations are considerable and are larger in those with the 
higher pressures. Addis (1922) and Smirk (1947) have shown 
that in the basal state the arterial pressure is much more 
constant for a given individual (basal arterial pressure). The 
determination of basal arterial pressure is time-consuming 
and is not ordinarily undertaken. The arterial pressure as 
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ordinarily measured in consulting-room, home, out-patient 
department or ward is a casual blood pressure and is higher 
than the basal pressure by an amount (the supplemental 
pressure) which varies with circumstances. Thus ordinary 
arterial pressures only in part reflect the essential peculiarities 
of the subject and in part are a product of the response of 
the subject to his environment at the time. This is the first 
major difficulty that besets the investigator who attempts to 
define normal blood pressure or to follow the course of blood- 
pressure changes by examinations of subjects at infrequent 
intervals. 


b. Relation of Arterial Pressure to Age 


The second major difficulty is that, in the general popula- 
tion, arterial pressure rises with age. This fact was obscured 
by the early statistics, based on selected figures, which were 
obtained by doctors for insurance companies. It has been 
clearly brought out by Saller (1928), Alvarez (1923), Wetherby 
(1932), Master, Dublin & Marks (1950) and ourselves 
(unpublished). Our own figures for a random sample of the 
population agree closely with those of Wetherby (1932). 
Thus in males the mean systolic and mean diastolic pressures 
rose from 117.2/68.2 mm. Hg at ages 15-19 to 125.2/77.8. at 
ages 35-39, and in females from 117.2/70.8 to 127.5/79.3 in 
the same respective age-groups. Thereafter the pressure 
rises more steeply in females to 172.9/94.1 at ages 65-69 as 
compared with 152.1/85.2 in males of the same age-group. 
Weftherby’s figures and our own suggest that this rise in the 
females precedes the menopause. Barnes & Browne (1945) 
have shown that there is no significant difference between the 
pressures of multiparous and nulliparous women in the 
several decades. It seems probable that the steeper rise in 
pressure with age in the female is attributable to endocrine 
changes that are not due to past pregnancy and precede the 
actual menopause. Histograms suggest that in the younger 
age-group two populations are being sampled, a larger with 
lower pressures, and a much smaller with higher pressures. 
As age increases, the pressure tends to rise in both groups, but 
the rise is uneven so that the scatter in the larger group (with 
lower pressures) becomes greater and this tends to merge into 
the group with higher pressures. 

Such studies make it clear that the selection of upper limits 
of normal arterial pressures such as 120/80 (Robinson & 
Brucer, 1939; Browne, 1947) or 160/100 (many writers) are 
quite arbitrary, and take no account of age. To quote 
Wetherby: “‘ The hope of being able to distinguish once 
and for all between a normal pressure and an early hyper- 
tension is a futile one . . . We are at a loss, because there 
is no rule for a selection of our normal material, the needed 
dividing line being at the same time what we search for, and 
what we need to apply in order to find that for which we 
search.”” Thus the normal arterial pressure cannot be ac- 
curately defined. It may be expected to be about 100 plus the 
patient’s age in years for the systolic value, but deviations 
from this value are compatible with health. I have no 
reason to depart from a view expressed years ago (Pickering, 
1941): 


(a) The more arterial pressure deviates from the mean normal 
value, the more probably is it pathological. Conversely, the 
nearer the arterial pressure is to the average, the more probably 
is it an expression of physiological variation. 

(b) When an arterial pressure is found well above the mean 
normal value, and unmistakable signs of one of the diseases 
usually accompanied by hypertension are found, then it is 
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probable that the arterial pressure represents for the individual a 
pathologically high reading. 

(c) When a pressure is consistently well above the average 
normal and is known to have been lower previously, then the 
high readings are probably the result of a pathological process. 


2. The Natural History of Essential Hypertension 


The vast amount of work done on the mechanism of 
essential hypertension has been reviewed elsewhere (Pickering, 
1950) and may be summarized by stating that hypertension is 
due to a vascular narrowing more or less uniformly distributed 
over the organs of the body, for the most part not structural 
in nature, and not due to the overaction of the vasomotor 
nerves. Whether this excessive vascular contraction is due to 
the presence of a vasoconstrictor substance or to an abnormal 
reactivity of the vessels is not yet known. 


a. Role of Inheritance 

Volhard (1931) emphasized that there were two important 
factors in the aetiology of hypertension—age and inheritance. 
The influence of age has been noted; the influence of inheri- 
tance may now be discussed. 

Many reports have emphasized the frequency with which 
hypertension is found in more than one member of a family, 
but, apart from the work of Weitz (1923), Ayman (1934), 
Platt (1947) and Sobye (1948), most of the evidence is frag- 
mentary. Weitz (1923) made a detailed study of the factors 
alleged to be concerned in the aetiology of hypertension and 
found evidence only for inheritance. Accepting death from 
heart failure or cerebral vascular disease as evidence of 
hypertension, he found a positive family history in one or 
both parents in 76.8°% of 82 patients with hypertension, in 
contrast to a family history in 30.3°%% of 267 control patients 
over the age of 44 not suffering from hypertension. Weitz 
recognized the possible fallacies in conclusions derived from 
family histories. He therefore measured the arterial pressure 
in 93 brothers and sisters of 42 hypertensive patients and found 
the incidence of hypertension greater than in a control sample 
of similar age. Restricting his inquiry to brothers and sisters 
older than the patient, he found the ratio of non-hypertensive 
to hypertensive was 27 to 20, if 150 mm. Hg was taken as the 
dividing line, and 29 to 18, if 160 mm. Hg was adopted. In 
addition, 11 older brothers and sisters had died, presumably 
from hypertension. If allowance was made for these, then 
the ratio of hypertensive to non-hypertensive was approxi- 
mately | to 1, suggesting a dominant type of inheritance. 
Ayman (1934) measured arterial pressures in 1,524 relatives 
visiting patients in the wards. Accepting 140/80 mm. Hg as 
the dividing line between normal and high pressure, he found 
the incidence of hypertension in offspring (aged 14-39) to be 
3.1°% when neither parents had hypertension, 28.3 °4 when one 
parent had hypertension and 45.5% when both parents had 
hypertension. Platt (1947), making a careful study of family 
histories, found a positive family history of hypertensive 
cardiovascular disease in 59 °% and a negative family history in 
6.4% of 78 patients with essential hypertension, as opposed to 
25.5 % and 34.6% in 55 controls over 40 years old. One of the 
most complete studies is that of Sobye (1948), who obtained 
data on over 95 % of the 2,740 relatives over 30 years of age of 
186 patients with “ nephrosclerosis *’, by measuring the basal 
blood pressure in the accessible living and by obtaining 
hospital records and death certificates for the dead. He 
accepted a pressure persistently over 160/100 mm. Hg as 
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hypertension. In order to find the distribution of hypertension 
in the normal population, he analyzed all case records of 
surgical patients admitted over a certain period, rejecting 
patients under 30 and those with diseases known to dispose to 
hypertension. Selecting from his control series cases of the 
same age and sex as the relatives of the patients with “* nephro- 
sclerosis ”, he obtained figures for the incidence of hyper- 
tension in relatives and in a comparable sample of the general 
population. The difference was statistically highly significant. 
Sobye concluded that nephrosclerosis (malignant hyperten- 
sion) and essential hypertension are.determined by a geno- 
typic gene having about a 40% distribution; he was unable to 
detect what factors in the environment determined the benign 
or malignant course. 

Another similar study has been made in my department, 
and analysis of the results nears completion. Briefly, we have 
obtained measurements of arterial pressure in a random 
sample of the population and in 389 of the living relatives of 
103 patients with pressures under 90 mm. Hg diastolic, and in 
392 living relatives of 109 patients with pressures over 
100 mm. Hg diastolic. In each series, arterial pressure is 
related to age, the relationship being linear for the diastolic, 
but more complicated for the systolic, pressure. To distin- 
guish normal from abnormal pressure irrespective of age thus 
seems a procedure of doubtful validity. Histograms show a 
tendency for higher pressures to be more common in the 
relatives of hypertensive patients than in the other groups, 
and this statement holds for all decades from 10 to 70 years. 
So far as we can tell from preliminary survey of the results, 
evidence will be obtained that inheritance is an important 
factor in the pathogenesis of essential hypertension, and that 
the gene may have already begun to demonstrate its presence 
in the second decade. We are not prepared to offer an 
opinion at this stage as to the nature of the inheritance 
(Hamilton, Sowry, Pickering & Fraser Roberts, unpublished). 


b. Course of Essential Hypertension 


The early course of essential hypertension is still hidden 
in the mist of ignorance, and must be so until a general 
practitioner takes up the study of this condition as his life’s 
interest. Fragmentary evidence and a vivid imagination 
suggest to the author that those destined to have really high 
pressures later in life may have pressures in the upper normal 
range in their teens. (For example, I have now seen a number 
of nurses and medical men with essential hypertension, who 
had relatively high pressures when they were students—high 
enough sometimes to excite the interest of their class.) The 
pressures presumably rise during the various decades of life 
and after the age of 40 perhaps more quickly in the female 
than in the male. In Sobye’s hypertensive families the inci- 
dence of pressures above 160/100 mm. Hg was not dissimilar 
in the two sexes under the age of 40, but was greater in the 
female above that age. In the female, pregnancy is accom- 
panied by a fall between the first and second trimesters and 
by a rise that may be considerable and accompanied by 
albuminuria (so-called toxaemia of pregnancy) in the last. 
After parturition the arterial pressure falls again (Browne, 
1947). Gelman (1927) found arterial pressures on the whole 
higher in those engaged in heavy work (foundry-workers) 
than in those engaged in light work. But it should be con- 
fessed frankly that environmental factors which determine 
the rate at which blood pressure rises in essential hypertension 
are still quite obscure. 
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c. Nature of the Malignant Phase 


The later course of essential hypertension may be long and 
stable, with death finally due to cardiac failure, to apoplexy or 
to intercurrent disease (the benign type), or it may be rapidly 
downhill to death in uraemia (the malignant type). Volhard 
& Fahr (1914), who first made this distinction, pointed out 
that the first sign of the onset of the malignant phase is the 
appearance of albuminuric retinitis (hypertensive neuro- 
retinopathy), characterized by bilateral papilloedema, large 
soft exudates and a star figure. Fahr (1919) later showed that 
the distinctive pathological feature of the malignant phase is 
arteriolar necrosis occurring most frequently and severely in 
the kidney, but also in other sites. Albuminuric retinitis is 
distinguished from the retinitis of benign hypertension (arterio- 
sclerotic retinitis) by the presence of neuroretinal oedema 
(Foster Moore, 1916-17). This neuroretinal oedema seems to 
be a consequence of raised cerebrospinal fluid pressure, which 
is in turn probably due to the degree of hypertension 
(Pickering, 1934). Wilson & Pickering (1938) provided 
evidence for the hypothesis that arteriolar necroses are also 
due to a rise of arterial pressure beyond a certain point, a 
hypothesis subsequently strongly supported by the evidence 
of Wilson & Byrom (1939), and of Byrom & Dodson (1948). 
It was therefore suggested (Pickering, 1941, 1942) that the 
benign and malignant courses of hypertension reflect not 
difference in kind but difference in degree of hypertension. 
The benign course is thus characteristic of a hypertensive 
disease that is itself stable and in which the hypertension never 
surpasses a certain intensity for more than brief periods. 
Malignant hypertension occurs in any hypertensive disease 
when the hypertension is persistently sufficiently severe to 
produce successive arteriolar necroses which, occurring pre- 
dominantly in the kidney, lead to the rapid decline of renal 
function with death in uraemia that is so characteristic a 
feature of the disease. This hypothesis of the nature of 
malignant hypertension is in conformity with the high level 
of arterial pressure—particularly diastolic—that has in 
general been observed. It explains a fact first noted by 
Klemperer & Otani (1931) and by Derow & Altschule (1935), 
that malignant hypertension may occur not only as a terminal 
phase in benign hypertension, but also in hypertension due to 
chronic nephritis, pyelonephritis, Cushing’s syndrome, poly- 
cystic kidney and toxaemia of pregnancy. Finally, it suggests 
that malignant hypertension should be reversible; that is to 
say, albuminuric retinitis should resolve and the arteriolar 
necroses heal if the arterial pressure can be reduced far enough 
and long enough. This has been shown to be true (Pickering, 
Heptinstall & Wright, unpublished). The hypothesis has an 
important therapeutic implication : adequate and prolonged 
lowering of arterial pressure becomes the first and urgent aim 
in the treatment of hypertension in the malignant phase. 


d. Benign Hypertension 

Essential hypertension in its benign form is often discovered 
in the course of routine examination. Too anxious a doctor, 
too anxious friends and relatives, and the influence of articles 
in the popular press may convert a symptomless subject into a 
psychological invalid, an eventuality that all doctors should 
strive to avoid. An early and sometimes the most striking 
symptom of essential hypertension is occipital headache on 
waking; the mechanism of this is not understood. Another 
is vertigo, again of unascertained cause. Later, symptoms of 
cardiac failure or cerebrovascular disease may supervene. 
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Angina pectoris and coronary thrombosis are rather com- 
moner in those with pressures above the mean normal range, 
and it seems probable that the incidence of the severer grades 
of atheroma is higher in patients with hypertension than in 
those with lower pressures. But Harrison & Wood (1949) 
have shown by injection of radio-opaque material into the 
coronary arteries that hypertensive heart disease without 
symptoms of angina pectoris or myocardial infarction is not 
usually associated with coronary atheroma, and in fact the 
main coronary arteries appear wider than normal. It would 
seem therefore that myocardial ischaemia is not a chief factor 
in the causation of the heart failure which so often terminates 
hypertensive disease and which displays itself either as con- 
gestive cardiac failure with oedema and raised jugular venous 
pressure, or as cardiac asthma. Since the systemic arterial 
pressure is usually not further elevated during this phase, 
terminal cardiac failure cannot be attributed to increased 
cardiac work, and its precise cause remains obscure. In 
benign hypertension, cerebrovascular accidents are usually 
due to arterial thrombosis and thus to associated atheroma 
and fatty hyaline intimal thickening. Transient paralytic 
attacks have been attributed to cerebral arterial spasm, but 
there is now good evidence that these also are due to cerebral 
arterial occlusion (Pickering, 1948, 19Sla, 1951b; Denny 
Brown, 1951). Thus it may be said that the course of benign 
hypertension is greatly influenced by the extent and distribu- 
tion of the atherosclerosis with which it is frequently 
associated; but that this only partly accounts for the cardiac 
failure that constitutes its most frequent mode of termination. 


e. Prognosis in Essential Hypertension 

From what has been said it will be clear that the prognosis 
in essential hypertension is affected by several factors. An 
attempt to estimate the effect of these was first made by Keith, 
Wagener & Barker (1939), who divided their patients into 
four groups, largely based on the changes in the eyegrounds, 
and showed that in a five-year period the groups showed very 
different survival rates. Various modifications of this original 
classification have been proposed by Palmer, Loofbourow & 
Doering (1948), Bechgaard & Hammarstr6ém (1950) and by 
Smithwick (1951), to allow for the effects of changes in the 
more important organs. The classification of Palmer and 
others may be mentioned as an example. Grade I had no or 
minimal changes in the fundus oculi, a normal heart or slight 
prominence of the left ventricle, no impairment of renal 
function, and normal urine or a slight amount of albumin and 
excess of cells in the sediment. Grade II had moderate fundus 
changes with increased irregularity of calibre of arteries and 
compression of veins. The heart was usually enlarged, but 
not functionally impaired. The kidney function was normal 
or abnormalities in function and in urinary constituents were 
slight. In Grade III the fundi were rarely normal; 
haemorrhages and exudates were often present; the heart 
was often enlarged, with functional impairment; the urine 
frequently contained albumin and casts, and renal function 
was often impaired; cerebrovascular accidents were common. 
In Grade IV the obligatory feature was papilloedema with 
or without exudates and haemorrhages; thus Grade IV is 
malignant hypertension. There is general agreement that 
prognosis is better in the female than in the male, and that it 
worsens with transition from group to group. Thus, in the 
series of Palmer, Loofbourow & Doering (1948), mortality 
after 8 years was 22% in Grade I, 47% in Grade II, 78% in 
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Grade III and 94°%% in Grade IV. The long-term assessment 
of a therapeutic agent must recognize these differences in the 
severity with which the several organs of the body are affected 
by hypertensive disease. Allowance for such easily recog- 
nized factors does not, however, absolve the observer from 
controlling other variables, as witness the striking differences 
in survival in the Groups IV of Keith, Wagener and Barker 
and of Bechgaard and Hammarstrém, groups apparently 
selected on similar criteria and receiving medical treatment 
unlikely to influence the course of the disease, but who lived 
in different countries, attended different kinds of hospitals 
and who therefore were not comparable in a number of 
factors which conceivably could, and in fact did, affect prog- 
nosis. There is no more fruitful field than hypertension for the 
application of the clinical trial, as described in an earlier 
number of this journal by Bradford Hill (1951). 


3. Relationship of Hypertension to Renal and Other Diseases 


The occurrence of hypertension in renal disease has been 
recognized since the time of Bright. Hypertension is a 
common finding in acute nephritis, and is the rule in chronic 
nephritis, certainly by the time renal function is impaired. 
Hypertension occurs in about three-fourths of patients with 
polycystic kidneys. As Longcope (1937) pointed out, it is a 
frequent finding in chronic atrophic pyelonephritis. It also 
occurs in pre-eclamptic toxaemie or so-called * pregnancy 
kidney”, in which albuminuria and oedema are common 
associates. 

There has been a tendency in the past to assume that in 
some or all of these conditions hypertension is due to a renal 
mechanism. That a renal mechanism does exist is. known 
from Goldblatt’s work on animals (Goldblatt et al. 1934), 
from the existence of renin in normal kidneys, and from our 
demonstration that long-continued infusions of renin into 
experimental animals can produce sustained hypertension 
(Blacket et al. 1950). Animal work is beyond the scope of 
this article, where we are concerned only with the evidence in 
man. This evidence is remarkably thin. In acute nephritis 
Nonnenbruch (1917) showed that hypertension precedes 
albuminuria. There is some evidence that the mechanism of 
hypertension in acute and in chronic nephritis differs; thus in 
chronic nephritis there is evidence of vasoconstriction in the 
hand vessels that is not nervous in origin, while in acute neph- 
ritis this kind of vasoconstriction cannot be demonstrated 
(Pickering, 1936a, 1936b). Assays of renin in blood have 
suggested a normal renin content in essential hypertension and 
chronic nephritis, but an increased amount in acute nephritis 
and toxaemia of pregnancy (for evidence see Braun-Menéndez 
et al. 1946). These assays are not yet, however, very satis- 
factory and it would be unwise to place too much reliance on 
them. Goldring & Chasis (1944) have produced weighty 
evidence for the view that the association of hypertension 
with pyelonephritis is no more than fortuitous and is not 
causal, the incidence of hypertension in pyelonephritis being 
no greater than that in the general population. Paradoxically 
enough, it is only in this disease that there is evidence of a 
causal relationship between hypertension and renal disease. 
As many publications have shown, when pyelonephritis is 
unilateral, excision of the diseased kidney often reduces the 
hypertension. Heptinstall and I are describing my complete 
experience of the use of nephrectomy for hypertension. 
Nephrectomy did not affect hypertension in one case of uni- 
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lateral renal tuberculosis nor in four cases of bilateral pyelo- 
nephritis; it produced a gross and persistent fall of arterial 
pressure in three out of six cases of apparently unilateral 
disease, the fall persisting for 6, 10 and 10 years in the three 
cases. It is very difficult to interpret the fall of pressure pro- 
duced by nephrectomy in these three cases in any way other 
than by the removal of a renal pressor mechanism of some 
kind. Nevertheless, the failure of nephrectomy in the three 
other cases remains unexplained. 

It would seem probable that the extent to which a renal 
mechanism is concerned in the hypertension associated with 
renal disease, and the even more controversial questions of the 
extent to which it is involved in the hypertension of coarcta- 
tion of the aorta and of essential hypertension itself, must 
remain unanswered until the renal mechanism can be identi- 
fied and measured in man. 

In fact, the only form of hypertension whose mechanism is 
faintly understood is that of phaeochromocytoma. These 
tumours contain varying amounts of noradrenaline and 
adrenaline, and the phenomena in the paroxysms of hyper- 
tension closely resemble those produced by intravenous 
infusions of these drugs (Barnett et a/. 1950). The patients 
excrete an excess of adrenaline and noradrenaline in the urine 
(Engel & von Euler, 1950) and the paroxysms are abolished 
by excising the tumour. There is therefore little reason to 
doubt that the attacks are in fact due to increased secretion 
of adrenaline and noradrenaline into the blood. What is 
much less certain is the relationship of phaeochromocytoma 
to persistent hypertension. In three cases studied in St 
Mary’s Hospital, London, in which hypertension was sus- 
tained, removal of the tumour did not abolish hypertension 
(Hamilton, Litchfield, Peart & Sowry, unpublished). Again, 
we were unable to produce sustained hypertension by pro- 
longed intravenous infusions of adrenaline, noradrenaline or 
mixtures of the two in the unanaesthetized rabbit (Blacket, 
Pickering & Wilson, 1950). 

The fact, that in about half of the cases of unilateral pyelo- 
nephritis, and in some cases of phaeochromocytoma, removal 
of the diseased organ does not abolish hypertension, may have 
another significance. Even in those cases of unilateral 
pyelonephritis in which removal of the affected kidney did 
reduce arterial pressure, the pressure remained above the 
normal mean. Perhaps hypertension due initially to a renal 
or to an adrenal medullary cause may in some individuals 
pass over into a hypertension due to some other mechanism. 
I have shown that something of the kind may happen in the 
rabbit in which hypertension is induced by renal artery con- 
striction (Pickering, 1945). 


4. Conclusions 


Arterial pressure rises with age in the general population. 
In the relatives of patients with essential hypertension the 
arterial pressure tends to be higher than normal in all age- 
groups from the second to the seventh decade. It would seem 
that essential hypertension is due to an inherited peculiarity, 
which may show itself as early as the second decade. The 
nature of this inherited quality is not yet understood, the 
evidence for a vasomotor nervous abnormality or a circulating 
pressor substance being unconvincing. The late course of 
essential hypertension may follow the stable benign type, 
or the rapidly progressive malignant type. The benign 
and malignant courses probably represent differences in the 
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intensity of the hypertension. The malignant phase can be 
reversed to the benign phase by reducing the arterial pressure. 
The factors which determine the rate and extent of the rise of 
arterial pressure with age in a given individual are not under- 
stood. Hypertension occurs in phaeochromocytoma, in 
which the paroxysms are due to the release of adrenaline and 
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1. The Principles of Ganglionic Blockade 


Drugs which paralyze transmission in autonomic ganglia fall 
into two groups. In the first are drugs like nicotine which 
depolarize the ganglion cells, so that before they paralyze 
transmission they actually stimulate the ganglion more or less 
vigorously. Although the foundations of our knowledge of 
the autonomic nervous system rest on work done with nicotine, 
this is not suitable for use clinically, partly because of this 
initial excitant action, partly because it can, in addition, 
excite the chemoreceptors of the carotid bodies, cause neuro- 
muscular block and produce certain central stimulant effects. 
The clinically useful ganglion blocking drugs belong to the 
second category and include such agents as tetraethyl- 
ammonium (N*(C,H;),) and hexamethonium (N* CH, )s. 
(CH,)gN*(CHs)3). These substances have a purely inhibitory 
effect on transmission through a ganglion. They act in a way 
which is usually termed competitive: that is, they compete 
with the acetylcholine released at the preganglionic nerve 
terminals for the specific receptors on the ganglion cell bodies. 
Their action is thus comparable to that of other competitive 
blocking agents, such as curare at the neuromuscular junction, 
atropine at a peripheral parasympathetic site, or mepyramine 
in antagonizing the effects of histamine. It is unfor- 
tunate that only rarely have the quantitative investigations 
necessary to prove such competition been made. But the 
general belief that these drugs act in this way agrees with all 
their known properties and provides a satisfactory working 
hypothesis of their mode of action. (For further details of the 
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pharmacology of such drugs, see Paton, 1951; Paton & Perry, 
195la, 1951b; Paton & Zaimis, 1948, 1949, 1951 and Paton 
& Zaimis, 1952; Wien & Mason, 1951.) 


a. Distribution of Hexamethonium in the Body 


Hexamethonium owes its ability to compete with acetyl- 
choline to the fact that, like acetylcholine, it is a compound of 
quaternary nitrogen; almost all the other agents with similar 
actions are also quaternary salts. This fact is responsible for 
many of the characteristics of ganglion blocking agents. 
Drugs penetrate cell membranes much more rapidly in the 
unionized form than as ions; consequently quaternary salts, 
which in solution can exist only in the ionized form, penetrate 
the cellular structures of the body very slowly, and in fact have 
a predominantly extracellular distribution. To this may be 
attributed: (i) the slowness of absorption of hexamethonium 
from the intestine (Milne & Oleesky, 1951; Harington, 
unpublished); (ii) the slowness of penetration of hexa- 
methonium into the cerebrospinal fluid (Paton, unpublished); 
(iii) the distribution of hexamethonium in the extracellular 
fluid of the body (Morrison & Paton, unpublished); (iv) the 
excretion of hexamethonium, like inulin, without tubular 
reabsorption or secretion (Young, de Wardener & Miles, 
1951). 

The slowness of absorption from the intestine makes oral 
administration difficult in clinical practice, not so much 
because the absorption is usually only about 5-10°%% of the 
dose given, but because the percentage of absorption is 
variable; it may be as little as 2% and yet occasionally as 
high as 30%. Harington (unpublished) has shown that 
absorption depends to’some extent on the salt of hexame- 
thonium used, the bromide being appreciably better absorbed 
than the chloride, tartrate, or methosulphate. He has also 
shown that absorption is greater as well as somewhat slower 
when hexamethonium is taken on an empty stomach. Many 
of the difficulties of oral administration could be overcome if 
the absorption could be made regular even if it were not at 
the same time increased. 


b. Antagonists 


The interruption of autonomic activity at the ganglionic 
level by ganglion blocking drugs has the advantage that their 
effects can be antagonized when necessary by sympatho- 
mimetic or parasympathomimetic substances which act 
peripherally. Because of the fairly ready excretion of hexa- 
methonium, antidotes to its effects are not often needed, 
particularly as experience is gained in using the drug. If such 
antidotes are necessary, noradrenaline or sympathomimetic 
amines may be used when too great a fall in blood pressure has 
been produced; or carbachol, urecholine or neostigmine may 
be used if intestinal stasis or ileus has developed. 

The use of drugs which actually antagonize hexamethonium 
at the ganglion itself is still poorly understood. In general, 
anticholinesterases (the logical antidotes) have a much less 
dramatic action at the ganglionic synapse than at the neuro- 
muscular junction. Some successful antagonisms to the 
actions of ganglionic blocking agents by anticholinesterases 
have been described, but special conditions are usually 
necessary for this and a casual test for such action usually fails 
to reveal it. In man, Grob & Harvey (1950) have found that 
prostigmine could not prevent the postural hypotension caused 
by pentamethonium, and this result is entirely concordant 
with general experience with animals. 
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c. Selectivity 

Although ganglion blocking agents will paralyze all ganglia 
if given in sufficient dose, ganglia usually differ somewhat in 
their sensitivity. Thus, in the cat, the ganglia of the salivary 
gland seem particularly sensitive to most agents, whereas part 
of the superior cervical ganglion is very resistant to blockade. 
Similar differences occur in man, and subjects vary con- 
siderably in the relative proportion of ocular, hypotensive and 
intestinal effects produced by a given dose of hexamethonium. 
Because different drugs varied in the incidence of their action 
in animals, it was hoped that blocking agents fairly specific 
to particular ganglia in man could be found, but specificity 
of this sort great enough for clinical usefulness has not yet 
emerged. 

d. Activity 


The effect of a ganglion blocking drug increases as the 
activity of the ganglion exposed to it increases or is pro- 
longed. For instance, in the cat, hexamethonium depresses 
transmission through the superior cervical ganglion more 
when the rate of stimulation of the preganglionic trunk is at 
30 shocks/sec. than when at 10 shocks/sec. With doses of 
hexamethonium that only partially paralyze the ganglion, 
transmission may be good when continuous excitation is first 
started, but soon begins to fail, rapidly at first, and then more 
slowly as excitation is maintained. In man, some subjects 
have reported that, after administration of hexamethonium, 
ocular accommodation may be normal for a few moments 
and then it flags, so that only very brief periods of reading are 
possible; similarly the pupillary reaction to light may start 
briskly and then wane as the stimulus is maintained. These 
observations may be regarded as reflecting an increased 
** fatigability ’’ of ganglionic transmission when the ganglion 
is partially blocked. The fact that the over-active ganglion is 
the most sensitive possibly confers some selectivity of action. 


e. Maximality 

Evidence has been brought that complete ganglionic block 
can sometimes not be obtained with tetraethyl ammonium. 
Certain facts suggest that this may sometimes be the case with 
hexamethonium; for instance; the blood pressure, of a cat 
given hexamethonium is never as low as that of th® pithed 
animal. On the other hand, in man hexamethonium is capable 
of producing an increase in the blood flow in the leg com- 
parable with that following block of the lumbar sympathetic 
nerves (Schnaper et al. 1951). Moreover, even resistant 
ganglion cells, such as those supplying the nictitating mem- 
brane in the cat, can be completely paralyzed if sufficient 
dosage is -given. In clinical use, therefore, it is probable 
that some ganglia will be completely paralyzed fairly 
readily but others may not be fully blocked by doses that can 
be given in practice. Unfortunately there is no way of pre- 
dicting which ganglia will be fully sensitive and which 
relatively resistant. 


2. Cardiovascular Effects of Hexamethonium in the Normal 
Subject 

In the normal individual the injection of 20-50 mg. of 
hexamethonium has little effect so long as the subject is supine. 
There may be a small fall in systolic and diastolic blood 
pressure but often there is no significant change. Similarly 
the pulse rate is not much altered, although there may be 
slight acceleration. The extremities and face become slightly 
flushed and warmer, particularly if the subject is in cool 
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surroundings. The conjunctivae become injected and the 
subject looks as though he had just woken up. At the same 
time there is a rather variable effect on the eyes. In some 
subjects there is dilation of the pupil, weakening of the reaction 
to light and paralysis of accommodation—effects which may 
lead to difficulty in reading and to complaints of glare in 
bright light: others may be almost free of these effects. (See 
Arnold, Goetz & Rosenheim, 1949; Arnold & Rosenheim, 
1949; Burt & Graham, 1950; Finnerty & Freis, 1950; 
Grob & Harvey, 1950.) 


a. Postural Hypotension 


On standing, postural hypotension usually develops. Its 
extent depends both on the duration of standing and on the 
individual. In some subjects, although there may be a further 
fall in blood pressure on standing, this does not progress to 
levels sufficiently low to produce faintness. In others, the fall 
in blood pressure may be progressive and lead to transient 
loss of consciousness sometimes accompanied by a more or less 
typical vaso-vagal attack. The liability to postural hypo- 
tension outlasts considerably any effect on the supine blood 
pressure. Postural hypotension produced by hexamethonium 
is of great importance in its use, sometimes being deliberately 
exploited to produce a desired fall in blood pressure, some- 
times being the cause of unexpected collapse. At least two 
factors may contribute to it: depression of the reflex vaso- 
constriction, which normally takes place when the patient 
stands up, to maintain cerebral blood flow, and pooling of 
blood in the legs and viscera. The importance of the latter is 
demonstrated by the prompt relief which may be obtained by 
walking or by contracting the abdominal muscles. 

The cause of the variation in the effects of hexamethonium 
has been analyzed in some detail (Morrison & Paton, unpub- 
lished). Some of it can be attributed to differences in absorp- 
tion from the intestine or even from the site of subcutaneous 
injection. It may also in part be due to differences in the 
volume of fluid through which the drug is distributed in the 
body, and to differences in excretion caused by variations in 
glomerular filtratior rate. But even when these factors are 
allowed for, important differences in sensitivity remain. If 
estimates of the concenration of hexamethonium in the 
plasma are related to the reduction of the systolic blood 
pressure after standing for a given test period, an index of 
sensitivity may be obtained, expressed as the percentage fall 
in blood pressure per microgram of hexamethonium in the 
plasma. Such an index has so far been found to range from 
3 to 25. The cause of this eightfold variation in response to 
comparable plasma concentrations of hexamethonium is 
unknown, and contrasts sharply with the quite regular effect of 
hexamethonium when tested under standardized conditions 
in an experimental animal. There are several possible 
explanations; the postural reactions are relatively complex 
and depend on the vigour of vasomotor reflexes, on the 
vascular capacity of the lower limbs and splanchnic area, and 
probably also on muscle tone. There is a fairly general 
impression, not yet properly analyzed, that old subjects, 
particularly those with arteriosclerosis, are liable to larger 
falls in blood pressure than young subjects with healthy blood 
vessels. 


b. Effects on Other Vascular Reflexes 


Effects on other vascular reflexes have been described in 
addition to the depression of postural adjustments already 
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mentioned (Finnerty & Freis, 1950; Freis et al. 1951). If 
blood is trapped in the lower limbs by the application of a cuff 
to the thigh, inflated to 60-80 mm. Hg, a much bigger fall in 
blood pressure occurs after hexamethonium than in normal 
subjects, and this fall may be sufficient to cause faintness and 
collapse. The amount of blood trapped in the limb does not 
appear to be different under the two conditions, although the 
rate at which the volume of blood in the limb increases is 
faster after administration of hexamethonium. Similar 
results are obtained following haemorrhage (Enderby et al. 
1951; Freis et al. 1951); in the normal individual as much 
as 500 ml. may be removed with usually only trivial effect on 
the blood pressure. After hexamethonium, however, the 
removal of only 100 ml. (between 2% and 3% of the blood 
volume) may produce a substantial fall in blood pressure, 
which continues as more blood is removed. When the blood 
is restored to the circulation the blood pressure returns again 
quite precisely to its original level. 

It seems clear from these observations that the response of 
the body to procedures which diminish the circulating blood 
volume involves a vigorous autonomic component, and that 
this is very sensitive to hexamethonium. It may well be that 
postural hypotension, in its severer forms at least, is in part a 
** physiological exsanguination ” of the same type, in which 
blood pooled in peripheral vascular reservoirs is effectively 
removed from the circulating blood volume. 

Interesting studies are suggested by these observations, 
for if the compensatory reactions to haemorrhage can be 
eliminated, it should be possible to study more readily some 
of the hydrodynamic characteristics of the vascular bed. It 
would be interesting to know, for instance, whether after 
hexamethonium the arteriosclerotic subject is more sensitive 
to haemorrhage than the subject with healthy vessels; if so, 
one might be able to develop a physiological criterion of 
hardening of the arteries, in terms of the reduction of blood 
volume which, after administration of hexamethonium, will 
lower the blood pressure by a given amount. 

Hexamethonium also abolishes the pressor reflexes which 
follow the Valsalva manoeuvre, exposure of the hand to cold 
and the return from tilting (Finnerty & Freis, 1950). 


, 


c. ** Controlled Circulation’ 


It had previously been shown that bleeding at operation 
can be diminished in two ways: either by withdrawing blood 
from the patient or by the induction of spinal anaesthesia. 
Both these procedures cause a substantial lowering of blood 
pressure. Ganglion blocking agents have been used for the 
same purpose and we owe the development of this hypoten- 
sive technique in surgery chiefly to Enderby and his colleagues 
(Enderby, 1950; Enderby & Pelmore, 1951; Enderby et al. 
1951; Hughes, 1951; Lewis, 1951; Shackleton, 1951). It 
has been found that doses of hexamethonium of between 
20 and 50 mg. injected intravenously, combined with postural 
assistance, will reduce the blood pressure to levels of the order 
of 60 mm. Hg. When this has been achieved, remarkably 
dry operative fields may be obtained under a wide variety of 
surgical conditions. Particularly satisfactory results have been 
recorded in ear, nose and throat operations, in plastic surgery, 
and in thyroidectomy and mastectomy; but the method has 
been successfully used in general surgery of all kinds. A 
recent development has-been in neurosurgery (Guiot, 
Damoiseau & Poloukhine, 1951; Vourc’h, 1952). Here the 
hypotensive technique has been used, not only to diminish 
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bleeding but also to reduce intradural pressure and cerebral 
oedema and to improve the visibility of the operative 
field. 

Apart from the relevance of this work to anaesthesia it has 
many points of general interest and provides a good deal of 
information about the circulation in normal individuals 
under the influence of hexamethonium. In the first place it is 
remarkable that the hypotension obtained may be prolonged 
for hours without harm to the patient, although the levels of 
blood pressure are such as would commonly be regarded 
(and, indeed, were at first regarded) as those of profound 
circulatory “‘shock”. A similar hypotension induced by 
haemorrhage, for instance, is known to enter an irreversible 
stage which is not overcome even by the restoral of the blood 
volume. There must be, therefore, a fundamental difference 
between the hypotension obtained by the removal of vaso- 
constrictor tone combined with posture, and the hypotension 
which follows haemorrhage. It was early pointed out that in 
the former case vasoconstrictor tone is removed, whereas in 
the latter it will be intensified. Hence under the influence of 
hexamethonium the capillary blood pressure and flow may 
well be within normal limits, in spite of the low arterial blood 
pressure, whereas after haemorrhage there must be a much 
diminished capillary circulation. Similarly, the hypotension 
following ganglionic paralysis and postural adjustment is in 
sharp contrast with that produced by histamine, which— 
like haemorrhage—causes a prolonged circulatory failure 
outlasting the causal agent, due (in the case of histamine) to a 
widespread and unphysiological capillary dilatation and to 
damage to capillary permeability. The hypotension with 
hexamethonium resembles most closely that produced by 
infusion of acetylcholine. Dale & Laidlaw (1919) compared 
in detail the differences between histamine shock and the 
effects of acetylcholine, and commented explicitly on the 
rapid return of the blood pressure to normal when the 
acetylcholine infusion was stopped. Important elements in 
the safety of the hypotension after hexamethonium administra- 
tion can thus be recognized as the absence of peripheral 
vasoconstrictor tone, and the presence of normal dilatation 
and permeability in the capillary bed. 

The evidence that blood flow to vital organs is in fact 
adequate during this degree of hypotension is not complete. 
The flow through the coronary arteries is difficult to measure 
directly in man. In animals massive doses of hexamethonium 
are known to have trivial effect on the coronary blood flow 
(Wien & Mason, 1951). In many cases the only information 
so far gleaned is that no electrocardiographic changes have 
been observed, even in arteriosclerotic subjects exposed to 
the hypotensive technique (Enderby et al. 1951). In one or 
two subjects liable to angina, who have been treated for 
hypertension with hexamethonium, anginal attacks have 
been precipitated when too great a fall in blood pressure was 
produced, but the symptoms subsided when the blood pressure 
was restored by the patient’s lying down. 

The circulation through the kidneys during hexamethonium 
hypotension has been studied in anaesthetized patients 
(Miles et al. 1952). It was found that, under conditions of 
light anaesthesia when the renal blood flow could be still 
further depressed by deepening the anaesthesia, hexa- 
methonium in doses sufficient to produce the usual hypo- 
tension did not reduce the renal blood flow. It has also been 
found in normal subjects that the rate of excretion of hexa- 
methonium, which is cleared in the same way as inulin 
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corresponds fairly well to clearance at the normal glomerular 
filtration rates; so that, with ordinary doses in normal 
subjects, the glomerular filtration rate during the action of 
hexamethonium remains within normal limits (Morrison & 
Paton, unpublished). 

The circulation through the brain has not been studied in 
detail, but the use of the hypotensive technique in neuro- 
surgery has shown that, with careful continuous control of 
posture, a low blood pressure may be maintained without 
limiting the consciousness or co-operativeness of the patient, 
and without causing alteration in electroencephalograms 
recorded from the cortex (Guiot et al. 1951; Vourc’h, 1952). 

Measurements of the cardiac output are still lacking. 
Werko et al. (1951) found that in hypertensives the cardiac 
output sometimes fell and sometimes did not. The results on 
renal blood flow (Miles et al. 1952) imply that the cardiac 
output cannot be greatly reduced, otherwise the renal blood 
flow would have represented an improbably large fraction of 
the total cardiac output. The general picture, therefore, of 
the circulation in the subject under the influence of hexa- 
methonium, with careful postural adjustments sufficient to 
bring the blood pressure down to about 60 mm. Hg, is of a 
cardiac output that may not be far from normal, furnishing 
a blood supply adequate for the most important organs. 

The second problem arising is that of how the reduction in 
bleeding is brought about. An antihaemorrhagic effect of the 
kind observed could be due (i) to a reduction of blood flow, 
(ii) to a reduction of the hydrostatic pressure within the cut 
vessels, (iii) to a change in the path of the blood within a 
tissue, so that it traverses vessels from which bleeding occurs 
less readily, or (iv) to some enhancement of the clotting 
mechanism itself. Of these possibilities the fourth can 
probably be excluded, since there is no evidence that hexa- 
methonium can affect coagulation in vitro or in vivo and 
since it is not a compound of the type likely to be involved in 
such reactions. The other three mechanisms may all play 
their part, although the relative importance of each is still 
uncertain. The fact that blood pressure is so low will certainly 
mean that the pressure in arteries and arterioles against which 
a clot has to form and maintain itself is correspondingly 
reduced. But to this may well be added the effects of a 
reduction in tissue blood flow from two causes: (i) the tissue 
concerned may be raised above the rest of the body, and with 
the prevailing low arterial pressures (provided the veins are 
collapsible) even fairly small elevations may reduce consider- 
ably the blood flow to the part concerned; (ii) the use of posture 
to pool blood in the dependent parts may on some occasions 
reduce the cardiac output. If such a reduction in blood flow 
occurs in the tissues of the operative field, then the term 
“* postural ischaemia ”’ would be merited; but there is no 
decisive evidence yet that the tissues are in fact ischaemic, 
for pallor is not a reliable sign, and the reduction of bleeding 
may be due to other causes. 

The third possibility is raised by recent work on the intimate 
organization of the vascular system, which has brought to 
light a system of vascular shunts in parallel with the capillary 
bed. It may well be that when vasoconstrictor tone is 
removed, blood passes along a rather different path from 
artery to collecting vein than when normal tone is present, 
and that the ease of clotting and the firmness of the clot differ 
with the alternative paths. 

The success of this hypotensive technique corresponds in 
many ways to the success of the use of muscle relaxants in 
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anaesthesia. The use of ganglion blocking agents means that 
** controlled circulation ”’ is now possible just as “* controlled 
respiration ”’ is already well recognized. The dangers of both 
techniques are also comparable and the patient in whom 
natural circulation has been suspended is as vulnerable as the 
subject incapable of spontaneous respiration. The main 
danger is that of being placed in a dangerous posture, but 
other difficulties may occur; for instance, the low blood 
pressure may mean that pressure on the body at weight- 
bearing points more readily produces ischaemia of the skin 
and bed-sores. 

Hexamethonium has also been employed to stop haemor- 
rhage occurring accidentally during operation; for instance, 
bleeding from a gastric artery and from a pulmonary vein 
were promptly and permanently checked (Harper, 1951; 
Rollason, 1951). Its use in this way is dangerous of course 
because the effects of haemorrhage are increased in the 
presence of ganglionic blockade so that, if bleeding has been 
serious, hexamethonium may produce too great a fall in blood 
pressure. 


3. Hexamethonium in the Treatment of Hypertension 


The recognition of the existence of nervous factors in the 
genesis of hypertension paved the way for therapy by inter- 
ference with abnormal vasomotor autonomic activity, 
particularly by means of ganglionic blockade. But it must be 
remembered that, so long as the still vigorous debate about 
the cause of hypertension continues, therapy is fundamentally 
empirical.* 

In practice, hexamethonium usually relieves symptoms and 
lessens signs of hypertension, especially in severer cases 
entering on the malignant phase (Campbell & Robertson, 
1950; Campbell, Graham & Maxwell, 1952; Finnerty & 
Freis, 1950, 1951; Kilpatrick & Smirk, 1952; Mackey & 
Shaw, 1951; Murphy, 1951; Restall & Smirk, 1950, 1951; 
Rosenheim, 1952; Savile, 1950; Smirk & Alstad, 1951; 
Turner, 1951), although disappointing results have occurred 
in some cases (Locket, Swann & Grieve, 1951; Locket et al. 
1952). Headache, breathlessness and dizziness are normally 
lessened or removed. Pulmonary oedema may be relieved, 
and cerebral oedema and vomiting arrested. Enlargement of 
the heart may regress. Papilloedema diminishes, anu retinal 
damage, if it has occurred, may be repaired. Similar results 
are reported in the few cases of toxaemia of pregnancy and of 
eclampsia where hexamethonium has been used, permitting 
a live birth or terminating status eclampticus (Penny & 
Shackleton, 1951; Turner, 1951). Hexamethonium passes 
the placental barrier fairly readily (Young, 1952), but no ill- 
effects on the foetus have been described. 

There are two important practical features in the treatment 
of hypertension. The first is that there is considerable varia- 
tion in the response of patients, just as there is in the response 
of normal subjects. This variation corresponds, to some 
extent, with the degree of the neurogenic element in the 
hypertension; thus the fall in blood pressure obtained by a 
given test dose of hexamethonium matches roughly the fall in 
blood pressure that can be achieved by sedation (Arnold et al. 
1949). It is extremely difficult, however, to predict what dose 
is going to be required, and for practical purposes it is safest 
to start with a fairly small test dose, e.g. 25 mg. subcutaneously. 
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A fall in blood pressure can be obtained in almost every case 
if postural measures are also used, so that, even where the 
neurogenic element is slight, some reduction in blood pressure 
is possible. 

The second practical point in treatment, which is also of 
theoretical interest, is the development ‘of tolerance to hexa- 
methonium. As treatment proceeds, a dose of hexamethonium 
which was previously effective gradually loses its action and 
has to be considerably increased in order to produce its 
original effect. This process seems to continue over a period 
of a few weeks, at the end of which time the dose may have 
increased as much as tenfold. The increased tolerance is 
lost fairly rapidly when treatment is suspended. It is uncer- 
tain whether the tolerance is restricted to the effect on the 
blood pressure or not; it may be that the other ganglionic 
systems also acquire some resistance to hexamethonium, but 
if so it is certainly less well developed than in the cardio- 
vascular system; for instance, constipation or paralysis of 
accommodation may become increasingly severe as a patient 
develops tolerance and has to be given larger doses. This 
accommodation by the organism to the hypotensive effects 
of hexamethonium may be compared on the one hand to the 
recovery of vascular tone after sympathectomy or, on the 
other, to restoration of the original hypertension by humoral 
compensatory mechanisms. The phenomenon deserves much 
closer investigation. 

The unreliability of oral absorption, the variation among 
individuals, and the development of tolerance, have made it 
necessary to develop a special method of administration, and 
the “insulin regime ’’ described by Smirk has proved most 
satisfactory thus far. Papers by Smirk & Alstad (1951), 
Turner (1951), Freis (1951), and Rosenheim (1952) should 
be consulted for details of the induction and maintenance of 
treatment. 

As a rule it seems necessary for treatment with hexa- 
methonium to be continued more or less indefinitely. Some 
cases have been reported in which the benefits of treatment 
outlasted the treatment itself, and it was hoped that it might 
prove possible by a period of intensive therapy to break the 
hypertensive “* vicious circle”’, but the occurrence of occasional 
natural remissions in the disease means that there is no real 
evidence of this so far. 


a. Comparison of Hexamethonium with Other Drugs 


Tetraethylammonium was the first ganglion blocking agent 
used in hypertension and proved a useful and stimulating 
research tool, with which interest in the approach to therapy 
of hypertension through autonomic ganglia was awakened. 
Its transience, side-actions (paraesthesia, occasional ** curari- 
form” action, and so on) and ability to provoke adrenaline 
secretion, have limited its clinical usefulness. 

Other ganglion blocking agents include tetra- and pentameth- 
onium, the dimethylethyl analogue of hexamethonium(M. & B. 
1863) (N(CH;),C,H;.(CH,)gN*(CH,),C,H;) (Locket er al. 
1951) and Pendiomide, an analogue of pentamethonium: 
these have been less closely studied, but seem to have pro- 
perties indistinguishable in man from those of hexamethonium 
save for being, respectively, much less, slightly less, slightly 
more and slightly less active (Barnett, 1951; Burt & Graham, 
1950; Enderby, 1950; Enderby & Pelmore, 1951; Kay & 
Smith, 1951; Wien & Mason, 1951). 

A variety of other agents has received attention in recent 
years, particularly thiocyanate, sympatholytic agents, nitrites 
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and the veratrum alkaloids. All of these have proved capable 
of producing a fairly sustained fall in blood pressure in 
normal and hypertensive subjects. But in each case the use 
of the drug is complicated by additional and diverse toxic 
effects which restrict treatment more or less severely. 
Hexamethonium provides an interesting contrast; the 
difficulties in its use do not spring from any additional toxic 
action of this kind, from which it is remarkably free, but 
principally from the danger of too intense an action of the 
kind used therapeutically, leading to too great a fall in blood 
pressure in an organism accommodated to the hypertensive 
state, or to the paralysis of other ganglia (including those 
concerned with ocular accommodation and with intestinal 
function). With the former drugs, a balance has to be struck 
between the therapeutic action and undesired action of quite 
a different sort. With hexamethonium, virtually all its effects 
are due to ganglionic blockade, and the problem is to adjust 
the intensity of this. Could this be done satisfactorily, the 
most serious difficulty of treatment would be removed. 

It need not be assumed that only one of these drugs should 
be used at one time. Patients on a low sodium diet are known 
to be more sensitive to hexamethonium. It may be, therefore, 
that a combination or alternation of hexamethonium with 
such a diet, or with one of the other drugs mentioned, or with 
less well-known compounds, may provide an effective and 
more easily controlled regime. 


4. Other Peripheral Vascular Effects of Hexamethonium 


Hexamethonium has been used for other conditions 
affecting the cardiovascular system (Arnold et al. 1949; Burt 
& Graham, 1950; Finnerty & Freis, 1951). It has been as 
successful as paravertebral sympathetic block in increasing 
the blood flow to the lower limb in cases of occlusive arterial 
disease.2, Raynaud’s phenomenon can be checked by hexa- 
methonium. It has been used successfully in the treatment of 
causalgia (Rose & Wemple, 1951). Its use in these fields is 
limited by the fact that a general ganglionic paralysis is ob- 
tained where an action restricted to a particular limb or limbs 
is required. The reason for the effectiveness of hexamethonium 
in causalgia is obscure. It has itself no general or local 
anaesthetic activity and it acts presumably by increasing the 
blood flow either to the damaged nerve or to the adjacent 
tissues. 

It would be interesting to know more clearly the effects of 
hexamethonium in two other situations: the pulmonary 
vessels and the cerebral vessels. Evidence has accumulated 
that there is an effective vasomotor control of the pulmonary 
vessels and that tetraethylammonium can sometimes diminish 
the pulmonary vascular resistance. Certain anaesthetists 
have commented on the ease with which a patient may be kept 
oxygenated when hexamethonium is being used to diminish 
bleeding, and it seems possible that pulmonary vasodilatation 
by hexamethonium can contribute to this. There is also 
evidence that the cerebral vessels are under effective vaso- 
motor control and this is of interest in the pathogenesis of 
migraine. The therapeutics of this condition are distinctly 
confused, since ergotamine, first introduced as a sympatholytic, 
is now believed to act not by relieving sympathetic vaso- 
spasm but by causing vasoconstriction; and further, di- 
hydroergotamine appears to be equally effective in treatment 


* See articles elsewhere in this Bulletin by Learmonth & Slessor (p. and 
Goodwin (p. 371). © 373) 


Brit. med. Bull. 1952 





HEXAMETHONIUM AND OTHER GANGLIONIC BLOCKING AGENTS 


but is much less effective as a vasoconstrictor. It would be 
useful to know whether interruption of autonomic activity with 
hexamethonium would relieve or accentuate the migrainous 
attack. 


5. Conclusion 


Ganglion blocking agents are pharmacologically a some- 
what novel type of drug in therapeutics, and the techniques of 
handling them are still being evolved. It is highly probable 
that hexamethonium will be replaced by more satisfactory 
agents, although none offering any substantial advantage 
has yet appeared; but the lessons learned with hexa- 
methonium should be applicable without serious modification 
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to the use of other drugs acting in the same way. In the 
meantime its purity of action, restricted to a remarkable 
degree to autonomic ganglia, makes the technique of gan- 
glionic block with hexamethonium worth careful study, and 
one the results of which provide fairly clear-cut information. 

Finally it may be noticed that with the aid of ganglion 
blocking drugs many stimulating observations in human 
physiology and pathology have been made, such as the fact 
that a low blood pressure can be safely maintained without 
producing “shock”, and that in the hypertensive patient 
tolerance to hexamethonium develops. It may be in these 
observations, as much as in any immediate clinical usefulness, 
that the importance of ganglion blocking agents will ultimately 
be found to lie. 
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After describing the frequent incidence of left ventricular 
hypertrophy in renal disease, Richard Bright (1789-1858) 
suggested in explanation that an altered quality of the blood 
“so affects the minute and capillary circulation, as to render 
greater action necessary to force the blood through the 
distant sub-divisions of the vascular system ” (Bright, 1836). 
During the following half century it was generally believed 
that high blood pressure was due to renal disease, but when 
the introduction of the sphygmomanometer led to a wider 
and more accurate assessment of hypertension it became 
apparent that this disorder frequently occurred in the absence 
of any recognizable disturbance of the kidneys. The clinical 
separation of hyperpiesia and renal hypertension by Allbutt 
(1836-1925) had such an obvious and important practical 
value that clinicians and pathologists alike made a too rigid 
distinction between these forms of hypertension. That this 
was an over-simplification became clear when Volhard & 
Fahr published their monograph, Die Brightsche Nieren- 
krankheit, in 1914. These authors included in their classifi- 
cation a form of vascular renal disease which they termed the 
“* Kombinationsform” in which the kidney showed both 
ischaemic and inflammatory changes. This condition was 
subsequently termed malignant nephrosclerosis, with its 
clinical equivalent of malignant (essential) hypertension. 
These three major contributions to knowledge on the relation- 
ship of kidney disease to hypertension have provided the 
three main problems for experimental study during the past 
twenty years. These are: 


i. The genesis of renal hypertension. 
ii. The genesis of essential hypertension. 
iii. The relationship of both forms of hypertension to 
structural changes in the kidney. 


Animal experiments have been almost entirely confined to 
studying hypertension resulting from renal damage or to 
assessing pressor agents extracted from the kidney. Many 
different animals have been investigated, chiefly the dog, 
rabbit and rat; although important species differences have 
been discovered, the similarities are remarkable, not only 
between the results in different species but also between 
experimental hypertension in animals and hypertensive 
disease in man. Clarity of thought has at times been 
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obscured by a too close comparison of experimental and 
human hypertension or by applying the names of naturally 
occurring human diseases to animal disorders artificially 
produced. A survey of the varied investigations published 
during the past ten years presents indeed a confusing array 
of data, often unrelated or conflicting, so that at times the 
solution appears to recede as facts accumulate. It is of the 
greatest importance to assess these results against a back- 
ground of the natural history of the human diseases, not only 
in their clinical and anatomical details, but also in the broader 
field of aetiological factors, many of which are still outside 
the sphere of physiological experiment. 


1. Renal Hypertension 


The experiments of Goldblatt et al. (1934), which afforded 
a method of inducing chronic hypertension in dogs by partial 
occlusion of the renal arteries, provided the stimulus for 
recent investigations on the genesis of renal hypertension. 
When it was demonstrated that neither structural damage to 
the ischaemic kidney nor the integrity of its nervous con- 
nexions was essential for the production of hypertension, 
a humoral basis seemed to be established. The classical 
experiments of Tigerstedt & Bergman (1898) had revealed the 
presence of a potent pressor substance, renin, in the kidney, 
which on physiological grounds provided a most likely 
humoral factor. They suggested, but were unable to 
demonstrate, the aetiological role of renin in hypertensive 
renal disease. In spite of the valuable contributions which 
have appeared on this subject in the past fifteen years and the 
detailed information now available on the mechanism by 
which renin exerts its vasoconstrictor action, there is still no 
convincing evidence that it plays a part in the genesis of renal 
hypertension. Pickering, Prinzmetal & Kelsall (1942) 
showed that the renin content of the rabbit kidney was 
increased for a short time following renal artery constriction 
but gradually decreased to normal with longer duration of 
hypertension. Dell’Oro & Braun-Menéndez (1942) demon- 
strated the presence of renin in blood from the renal vein and 
femoral artery after production of renal ischaemia. Other 
workers (Dexter & Haynes, 1944; Haynes & Dexter, 1947) 
have claimed to demonstrate a pressor substance in the 
systemic blood of animals with acute renal hypertension and 
in acute hypertensive states in man, but no convincing evi- 
dence of increased concentration of circulating renin has been 
obtained in chronic hypertension in animals or in man. 
Blacket et al. (1950) were able to maintain hypertension in 
the rabbit by continuous intravenous infusion of a dilute 
renin solution over a period of 23 days. These findings were 
held to support the hypothesis that the renin mechanism was 
responsible for the development of experimental renal 
hypertension in its early stages. On the other hand Drury 
and his colleagues (Taggart & Drury, 1940; Flasher & 
Drury, 1950) have shown that when rabbits are rendered 
insensitive to renin by repeated injections, experimental renal 
hypertension is not inhibited either in the acute or chronic 
stages. The balance of evidence has therefore led to in- 
creasing doubt about the validity of the renin hypothesis. 

The search for some other explanation was influenced by 
experimental observations which suggested that the causal 
mechanism might not be confined to the kidney. Grollman, 
Harrison & Williams (1943) produced hypertension in the 
dog by removing one kidney and enclosing the other in silk. 
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After removal of the remaining kidney, the blood pressure 
remained elevated for as long as 72 hours. Pickering (1945) 
made similar observations in the rabbit. He produced 
hypertension by constricting one renal artery after removal of 
the other kidney. When the hypertension was of not more 
than eight days’ duration, removal of the second kidney was 
followed by a fall in blood pressure to normal within a few 
hours, but this fall did not occur in animals with hypertension 
of at least seven weeks’ duration. It was concluded that some 
extra-renal factor must be held responsible for the hypertension 
in the chronic stage. Floyer (1951) repeated these experi- 
ments on hypertensive rats and found that the blood pressure 
remained elevated after total nephrectomy whether the 
previous hypertension was of short or long duration. The 
possible existence of an extra-renal pressor mechanism was 
also suggested by the experiments of Braun-Menéndez & 
von Euler (1947), which demonstrated a rise in blood pressure 
in rats after total nephrectomy alone, particularly if life was 
prolonged by peritoneal lavage; similar observations were 


FIG. 1. EFFECT OF TOTAL NEPHRECTOMY AND OF 
TOTAL NEPHRECTOMY AND ADRENALECTOMY 
ON BLOOD PRESSURE IN RATS WITH CHRONIC 
RENAL HYPERTENSION 
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From Floyer (1951), by permission of Clinical Science 


108 120 


: upper limit of normal blood pressure in rats 
: before operation 

: after operation 

: rats undergoing total nephrectomy only 


: rats undergoing total nephrectomy and total adrenalec- 
tomy 


Abscissae : time (hr.) 
Ordinates : blood pressure (mm. Hg) 


Chronic renal hypertension was produced in rats (solid circles) 
by clipping one renal artery. When hypertension had persisted for 
at least eight weeks, one kidney was removed. When the blood 
pressure was maintained at a steady level, the remaining kidney was 
removed. In seven out of ten rats the hypertension persisted. 

Chronic renal hypertension was produced in rats (open circles) by 
clipping one renal artery and simultaneously removing the kidney 
and adrenal on the other side. After base-line blood-pressure 
recordings, the remaining kidney and adrenal were removed. In 
all the rats the hypertension was abolished 


later made in dogs in which the survival time was increased by 
protein-free diets (Grollman, Muirhead & Vanatta, 1949) or 
by the use of an artificial kidney (Muirhead, Vanatta & 
Grollman, 1949). 

Thus the evidence steadily increased against the theory 
that experimental renal hypertension, either in its early or 
late stages, was attributable to pressor substances derived 
from the kidney. An alternative possibility was that the 
healthy kidney normally excreted or destroyed some extra- 
renal pressor factor and that this process was impaired by 
total nephrectomy or by the various renal manipulations 
employed to produce experimental hypertension. That both 
the renal factor and the hypothetical extra-renal factor were 
readily reversible was shown by Byrom & Dodson (1949). 
These investigators produced hypertension in rats by removal 
of one kidney and constriction of the artery to the remaining 
kidney; they found that if the constricting clip was removed 
after hypertension had persisted for 12 weeks the blood 


° pressure returned to the normal level within 12 hours. 


FIG. 2. EFFECT OF SUBSTITUTING 1.0% SALINE FOR 
TAP-WATER ON BLOOD PRESSURE IN RATS 
WITH CHRONIC RENAL HYPERTENSION AND 
SUBMITTED TO TOTAL NEPHRECTOMY AND 
ADRENALECTOMY 
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From Floyer (1951), by permission of Clinical Science 


: upper limit of normal blood pressure in rats 
: before operation 

: after operation 

: rats given 1.0% saline 

> rats given tap-water 


Abscissae : time (hr.) 
Ordinates : blood pressure (mm. Hg) 


Rats were made hypertensive by clipping one renal artery and 
simultaneously removing the other kidney and adrenal. After at 
least four weeks of hypertension, the remaining kidney and adrenal 
were removed. In animals given tap-water (open circles) the 
“hypertension was abolished. In seven out of ten animals given 
1.0% saline (solid circles) at least one blood-pressure reading was 
above the upper normal limit, and in the rats which survived more 
than 96 hours high readings were observed 
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FIG. 3. EFFECT OF ADRENALECTOMY ON HYPER- 
TENSION IN THE NEPHRECTOMIZED MEMBER OF 
A PARABIOTIC PAIR OF RATS 
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From Ledingham (1951), by permission of Clinical Science 


e==<-=: upper limit of normal blood pressure in rats 
A : intact member of a parabiotic pair of rats 
B : nephrectomized and subsequently adrenalectomized mem- 
ber of a parabiotic pair of rats 
Abscissae : time (days) 
Ordinates : blood pressure (mm. Hg) 


Total nephrectomy was performed in one member (rat B) of a 
parabiotic pair. Hypertension and urea retention developed in 
the nephrectomized animal. The hypertension was abolished by 
total adrenalectomy of the nephrectomized animal 


Floyer (1951) using single rats, and Ledingham (1951) using 
parabiotic pairs of rats, have carried out further investigations 
on the nature of the extra-renal factor in experimental renal 
hypertension. Their work has been particularly directed to 
the role of the suprarenal cortex and the regulation of sodium 
metabolism. Floyer showed in single rats that total adrenalec- 
tomy abolished hypertension whether this was due to renal 
artery constriction or to total nephrectomy; furthermore, 
renal hypertension did not persist after total nephrectomy 
if the adrenals were also removed (fig. 1). These effects of 
adrenalectomy were prevented by increasing the salt content 
of the drinking-water to 1.0% (fig. 2). Similar results have 
been obtained in parabiotic experiments. Previous workers 
(Jeffers et al. 1940; von Euler & Braun-Menéndez, 1948) had 
shown that a rise in blood pressure could sometimes be 
produced in one member of a parabiotic pair of rats by 
removal of both kidneys. Ledingham extended these observa- 
tions and demonstrated that total nephrectomy in one member 
of a parabiotic pair of rats generally gave rise to hypertension 
in this member, but never in its partner in which the kidneys 
remained intact. The hypertension so produced was abolished 
by removal of both adrenals in the nephrectomized member 
(fig. 3). Bilateral adrenalectomy in one member without 
nephrectomy produced no fall in its blood pressure compared 
with the intact partner, so that the inhibiting action of adrenal- 
ectomy on post-nephrectomy hypertension could not be 
attributed to the superposition of an unrelated depressor 






FIG.4. DEVELOPMENT OF HYPERTENSION AFTER THE 
IMPLANTATION OF DEOXYCORTICOSTERONE 
ACETATE (DOCA) IN THE TOTALLY NEPHRECTO- 
MIZED AND ADRENALECTOMIZED MEMBER OF A 
PARABIOTIC PAIR OF RATS 





° 5 10 iS 20 2s 


seeeee =-: upper limit of normal blood pressure in rats 
A: intact member of a parabiotic pair of rats 
B : adrenalectomized and nephrectomized member of a 
parabiotic pair of rats 
Abscissae : time (days) 
Ordinates : blood pressure (mm. Hg) 


Total adrenalectomy and nephrectomy were performed in one 
member (rat B) of a parabiotic pair. Hypertension developed in this 
animal when deoxycorticosterone acetate was implanted 


effect of adrenalectomy. The implantation of deoxycorti- 
costerone acetate (DOCA) in the rat from which both the 
kidneys and the adrenals had been removed was invariably 
followed by hypertension (fig. 4), so that the pressor role of 
the adrenal is apparently vested in the electrolyte-controlling 
hormone. These interesting experiments point directly to the 
conclusion that both experimental renal hypertension and 
** reno-prival ’’ hypertension are due to some interference 
with a renal-adrenal mechanism which regulates electrolyte 
distribution. The actual role of the kidney remains obscure. 
Since hypertension results from unilateral renal ischaemia 
where the other kidney remains intact, the pressor effect 
cannot be attributed to a simple failure of the injured kidney 
to excrete or inactivate some adrenal factor, unless there is an 
associated disturbance of the opposite kidney. Nevertheless, 
these results provide a possible explanation for the long- 
recognized clinical relationship between hypertension, the 
adrenal cortex and salt deprivation. 


2. Essential Hypertension 


It cannot be too strongly emphasized that the human disease 
which we designate essential hypertension has not been 
reproduced in animals, and attempts to explain the genesis of 
essential hypertension in terms of experimental renal hyper- 
tension have hitherto been unprofitable. Goldblatt has long 
maintained that the production of chronic hypertension in 
dogs by renal artery constriction, and the absence of structural 
changes in these kidneys, lend support to the view that 
essential hypertension in man results from a similar renal 
mechanism induced by primary arterial or arteriolar sclerosis. 
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The weight of clinical and histological evidence indicates, 
however, that in essential hypertension renal arteriolar lesions, 
acute or chronic, do not precede the hypertension but develop 
progressively during the course of the disease. The experi- 
mental work of Wilson & Byrom (1939, 1941) showed that in 
rats the absence of structural lesions in the ischaemic kidney 
is attributable to the protective action of the clip on the renal 
artery, since these lesions regularly appeared in the opposite 
kidney and in other organs which were exposed to the in- 
creased arterial pressure. Byrom & Dodson (1948) have 
shown that renal arteriolar necroses are produced in rats if 
the arterial tension is suddenly increased by injection of saline 
into the carotid artery. 

Observations on experimental renal hypertension in animals 
have in fact shed no light on the genesis of essential hyper- 
tension in man. It may well be that the primary cause lies in 
some disorder of the renal-adrenal mechanism discussed 
above, but there is no direct evidence for this, nor for the view 
that renal disease—structural or functional—plays a primary 
aetiological role. It is, however, probable that in the course 
of essential hypertension the development of arteriolar lesions 
superimposes a “‘ renal ischaemia ’’ component on the existing 
hypertension. The similarity demonstrated by Wilson & 
Byrom (1939) between renal vascular lesions in the hyper- 
tensive rat and the arteriolar necroses which are found in 
human malignant hypertension supports this view, parti- 
cularly in relation to the development and course of the 
malignant form of essential hypertension. These experiments 
have recently been repeated and confirmed by Floyer (1951), 
and the hypertensive origin of the arteriolar necroses has 
received support from the observation by Ledingham (1951) 
that similar lesions occur in the organs of the hypertensive, 
nephrectomized, parabiotic rat but not in its partner with 
normal blood pressure (see Plate I, fig. A, facing p. 322). 


3. Hypertensive Renal Disease in Man 


The invocation of experimental results in animals to 
explain the naturally occurring phenomena in human disease 
is an obvious source of fallacy and the history of experi- 
mental hypertension is an apt illustration of this. Fallacious 
reasoning is most likely to occur where the bias and ex- 
perience of the observer are experimental rather thanclinical ; 
it is less likely when clinical experience is used as a starting- 
point for investigation and as a corrective in application. 
The separation which Allbutt made 50 years ago between 
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essential and renal hypertension has been sustained by the 
experimental results described, and the exceptions to the rule— 
the “ Kombinationsform” or malignant nephrosclerosis of 
Volhard & Fahr (1914)—have been accounted for. The 
concept that hypertension can produce acute vascular lesions 
which are associated with histological changes of an inflam- 
matory nature in the kidneys is established, although we 
cannot yet explain the functional dissimilarity between the 
‘** malignant ’’ type of hypertension which gives rise to these 
lesions and the ** benign ”’ type which does not. In particular 
the relationship between intra-renal blood-pressure changes 
and systemic hypertension needs to be clarified. Neverthe- 
less, it appears probable that in most cases of hypertensive 
renal disease a vicious circle develops, due on the one hand 
to the production of hypertension by ‘* renal ischaemia ”’ or 
some related circulatory disorder which interferes with the 
renal-adrenal mechanism, and on the other hand to renal 
vascular damage which results from the hypertension. Such 
a vicious circle would explain the striking similarity of 
progression, both clinical and structural, which is seen in all 
forms of hypertensive renal disease; it would account for the 
progressive damage to the contralateral kidney which is 
observed in patients with hypertension due to unilateral renal 
disease, and for the fact that removal of the diseased kidney is 
not always followed by a return of blood pressure to normal ; 
a similar persistence of hypertension after removal of a single 
ischaemic kidney was observed in rats by Wilson & Byrom 
(1941), and was related to the vascular lesions arising in the 
opposite kidney. This conclusion has received further con- 
firmation from the experiments of Floyer (1951). 

The high blood pressure, sometimes of the malignant type, 
which occurs in patients with Cushing’s syndrome, resembles 
essential rather than renal hypertension both in its progress 
and in the absence of renal involvement in the early stages. 
The recent work on renal hypertension described above has 
shifted the emphasis from the kidney to the adrenal cortex; 
by so doing it has provided a possible linkage between renal 
and essential hypertension. High blood pressure occurs in 
various forms in many diseases and is rightly regarded as a 
disorder of function which may have a number of different 
causes. Nevertheless, experimental and clinical evidence 
increasingly supports the theory of a final common metabolic 
path for both renal and essential hypertension. If further 
work confirms these results, we may be on the way to 
understanding why such widely differing diseases produce 
high blood pressure. 
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The purpose of this paper is not to give a comprehensive 
account of the pathology of the coronary arteries, but to 
indicate the trend of research in this subject. Little has been 
added recently to the methods used in studying the morbid 
anatomical and histological appearances of the coronary 
vessels; there has, however, been a renewed interest in the 
injection of a radio-opaque substance into the coronary 
arteries after death, with subsequent radiography of the heart. 
Recent advances in lipoid chemistry and the introduction of 
radioactive isotopes, electrophoresis and the ultracentrifuge 
have added to our knowledge of the aetiology of atheroma 
and thrombosis. 


1. Anomalies of the Coronary Circulation 


Smith (1950) has reviewed the published cases of congenital 
absence of one coronary artery and described two additional 
cases. He found reports of 43 cases since 1716; in all these 
the heart gained its blood supply through one coronary 
ostium. The single coronary artery arose from the aorta in all 
but two cases: in one, from the right carotid artery in a foetus 
with cor biloculare; in the other, also a case of a bilocular 
heart, in a child five months old, from the pulmonary artery. 
The remaining cases can be divided on embryological grounds 
into three main groups. The first type includes those cases 
in which the single vessel follows the course of the normal 
right or left coronary artery. The second includes those in 
which the single vessel arises by one ostium but divides so that 
branches are present in the same distribution as the right and 
left coronary arteries. In the third group, described by 
Krumbhaar & Ehrich (1938), the distribution of vessels is so 
atypical that the normal pattern of either the right or left 
coronary circulation cannot be distinguished. Althougha single 
coronary artery is found in infants with other non-cardiac 
congenital defects, in a high proportion of cases it is not 
incompatible with a long life and normal cardiac function, 
provided no other congenital cardiac anomaly is present. 
Stern (1936), however, reports an interesting case of a boy of 
16 who had mitral and aortic stenosis and severe cardiac pain. 
At autopsy severe hypoplasia of a double right coronary artery 
was found, with a poorly developed and very thin right 
ventricular wall. 
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Dutra (1950) has described two further cases. In one, an 
infant, the left coronary artery arose from the right pulmonary 
artery: at necropsy, focal necrosis and fibrosis of the myo- 
cardium of the left ventricle was present. In his second case, 
a woman 49 years of age killed in a car accident, there was 
a complete absence of the left coronary artery but the circu- 
lation was carried on by an extension of the right coronary 
artery. 

The present author had a patient who died at operation for 
removal of a phaeochromocytoma, in whom the left ventricle 
was greatly hypertrophied. Injection of the coronary tree 
showed a rudimentary left coronary artery and a greatly 
hypertrophied and extended right coronary vessel. 

Aneurysm of the coronary arteries is a rare anomaly but 
two cases have recently been reported by Prentice & Penfold 
(1952). In 1948 Scott reviewed the literature of 47 such 
cases: of these, 15 appeared to be congenital in origin, while 
others were considered to be due to mycotic emboli, arterio- 
sclerosis or syphilis. Some of the congenital lesions were of a 
diffuse nature and associated with arteriovenous anastomoses. 


2. Coronary Sclerosis in Infants 


Coronary sclerosis in infants is a rare but interesting con- 
dition. Menten & Fetterman (1948) added two cases similar 
to those described by Hause & Antell (1947), Stryker (1946), 
Field (1946) and Brown & Richter (1941). In these there was 
generalized medial sclerosis throughout most of the arteries of 
the body. All the superficial branches of the coronary arteries 
were thickened, sclerotic and calcified. A section of the 
coronary arteries showed the lumen to be nearly obliterated. 
Microscopically the arterial change involved all three coats. 
The characteristic lesion was a fibroblastic intimal thickening 
with marked narrowing of the lumen. Outside the fibro- 
blastic layer was an interrupted layer of calcified material 
which lay chiefly within the media. Cellular infiltration, 
consisting of lymphocytes, plasma cells and eosinophils, was 
noted in the adventitial and periadventitial tissues. In a few 
sections eosinophils were present in larger numbers. There 
were no thrombi, although the lumen was greatly narrowed. 
The smaller coronary arteries were not affected. This disease 
appeared throughout the larger vessels of the body. The 
authors considered that a possible cause of the condition was 
underlying congenital weakness in the elastic tissue of the 
arterial walls. 

Gruenwald (1949) found necrosis in the media of the 
coronary arteries in some 10% of autopsies performed on still- 
born infants or on those that lived for less than three days. 
These infants showed varying degrees of asphyxia, including 
focal haemorrhages in thoracic and other organs. The outer 
part of the media appeared to be consistently affected, whereas 
the intima was intact and in two cases small thrombi were 
found. The adventitia was the seat of oedema and haemorrhage 
and Gruenwald suggested that necrosis in the media was 
secondary to the changes in the surrounding tissue. 


3. Response of the Coronary Circulation to Myocardial 
Hypertrophy and the Development of Arterial Anastomoses 


The myocardium is almost entirely dependent on the 
coronary arteries for its nutrition, and its integrity rests on 
an adequate amount of blood passing to it by way of these 
vessels (Plate II, fig. B). The increase in blood flow necessary 
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in myocardial hypertrophy appears to cause both dilatation 
and hypertrophy of the main coronary vessels and a prolifera- 
tion of the smaller vessels of 20 u. or more. Where the hyper- 
trophy is of comparatively rapid onset, and in a heart where 
the coronary vessels are little affected by atheroma, the main 
change—as has been shown by Harrison & Wood (1949), 
Russon (1936), Fishberg (1937) and Gross (1921)—appears 
to be dilatation and hypertrophy of the larger coronary 
vessels. This is well seen in some cases of malignant hyper- 
tension in young adults in whom the course of the disease has 
been rapid (Plate II, fig. C). Where the myocardial hyper- 
trophy has developed more slowly, as in benign hypertension 
or valvular disease of the heart, the proliferation of the smaller 
vessels becomes well marked (Plate II, fig. D); this is 
especially so in cases of left ventricular hypertrophy in aortic 
valve disease (Plate II, fig. E), or of hypertension with 
atheroma of the larger coronary vessels. 

A similar proliferation of the small vessels can be seen in 
hypertrophy of the myocardium due to rare causes. Plate IV, 
fig. K shows the coronary circulation in a case of Friedreich’s 
ataxia, in which the myocardial hypertrophy and diffuse 
fibrosis are accompanied by an increase in the number of 
small arteries. It is not clear whether this increase in the finer 
vasculature is due to the growth of new vessels or whether it is 
the result of a dilatation of pre-existing vascular channels. 

The development of anastomoses between the coronary 
arteries has been the subject of much investigation since the 
seventeenth century, when the presence of such anastomoses 
was first described. In spite of statements to the contrary, it 
seems clear that in normal hearts a fine anastomotic circula- 
tion between the coronary vessels does exist, although 
experimental evidence shows that functionally, at least, it is 
not of great importance. Watery solutions or suspensions 
injected into one coronary vessel at necropsy will rapidly 
appear in the orifice of the other artery. Prinzmetal et al. 
(1947) have used two new methods to demonstrate this 
circulation. In the first, a saline suspension of erythrocytes 
labelled with radioactive phosphorus was perfused. In the 
second, glass spheres of known size were injected through one 
of the coronary arteries. The spheres were collected at the 
Opposite coronary artery, the coronary sinuses and in the 
ventricular cavities. The largest intercoronary anastomoses 
allowed the passage of spheres ranging from 70 to 180 u. in 
diameter. This technique, however, does not show the 
number of such anastomoses or where they are placed. To 
overcome this difficulty it is necessary to inject a suspension 
of a radio-opaque substance of such a viscosity (and particle 
size) that it will not pass through the smallest channels. Zoll, 
Wessler & Schlesinger (1951) have studied the coronary cir- 
culation at necropsy by injecting, at a pressure of 150-200 mm. 
of Hg, a radio-opaque suspension of a lead salt in agar. 
Material of different colours was used to inject the main 
coronary arteries of more than 1,000 hearts. The injected 
specimens were radiographed and the vessels were subse- 
quently dissected. Less than 10°% of normal hearts showed 
the presence of anastomoses. Under a variety of stimuli, how- 
ever, the coronary arterial system readily develops an internal 
anastomotic collateral circulation to compensate for a 
relative insufficiency of blood. This may be due to anaemia, 
cyanosis, hypertrophy of the myocardium, or narrowing or 
closure of the coronary arteries themselves. Anastomoses 
were found at necropsy in approximately a third of the 
patients with anaemia (haemoglobin below 70%) and in a 
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slightly smaller proportion of patients with myocardial 
hypertrophy alone. In hearts where there was slight narrow- 
ing of one or more of the main coronary vessels, there was no 
significant increase in the anastomoses. As the degree of 
narrowing increased, so did the number of anastomotic 
channels, and anastomoses were found in about two-thirds 
of hearts showing marked coronary artery narrowing. Plate 
III, fig. J shows the right coronary artery in hearts that have 
been studied by the author, in which occlusion of the artery 
by atheroma can be seen to be accompanied by the develop- 
ment of arterial anastomoses; when coronary occlusion has 
occurred, nearly all the hearts show the presence of anasto- 
moses (see Plate III, figs. F—J). 

Blumgart et al. (1950) have successfully produced a rich 
anastomotic circulation in pigs’ hearts, after partial occlusion 
of one of the coronary arteries. This anastomosis appeared 
to develop in those animals which lived 12 days or more. 
Such animals could survive subsequent complete obliteration 
of the arteries, although this would have meant sudden death 
if performed before the development of anastomoses. 

The basic mechanism stimulating anastomoses between the 
coronary vessels is not clear, but it seems to be connected with 
a relative reduction in the oxygen supply to the heart. 
Accumulation of metabolites, lack of substances other than 
oxygen, or mechanical factors such as differential pressure 
gradients in different parts of the coronary system consequent 
on anoxia, are other mechanisms which may promote the 
formation of anastomoses. 

The most usual sites of these anastomoses are in the adven- 
titia and roots of the pulmonary artery; on the anterior 
surface of the right ventricle in its lower third; in the inter- 
ventricular septum, which is the area where anastomoses are 
best developed; in the interatrial septum, especially at its 
base; and in the right anterior and left posterior papillae. 

Under certain conditions small anastomotic vessels can 
develop across the pericardium, and this observation has 
stimulated several workers to produce pericardial adhesions 
to improve the myocardial blood supply. It is unlikely, 
however, that these anastomoses have great functional 
significance. Blumgart et al. (1950) have shown that in the 
pig, although a large intramyocardial anastomosis developed 
after partial occlusion of an artery, the anastomotic vessels, 
which arose secondarily to the pericarditis around the area 
of operation, would not allow the passage of the injection 
mass. 


4. Coronary Circulation in Ischaemic Heart Disease 


Considerable narrowing and even blockage of the coronary 
arteries can occur without symptoms. This is true both for 
patients with hearts of normal weight and for those with 
myocardial hypertrophy. Harrison & Wood (1949) studied 
at necropsy a number of patients who in life had hypertension 
with myocardial hypertrophy. They divided their patients 
into two groups: those who showed hypertension only and 
those who had had symptoms and signs of myocardial 
ischaemia. At necropsy the coronary circulation was out- 
lined by the injection of a radio-opaque substance and the 
amount of arterial narrowing estimated from the radiographs. 
The most striking feature was the basic difference in the coro- 
nary pattern between the two groups. In the hypertensive 
group the arteries were large and had a smooth lumen; the 
degree of enlargement corresponded quite closely to the 
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amount of myocardial hypertrophy. Most showed some 
histological evidence of coronary atheroma, and in a few this 
process was severe. The intima tended to be thickened and 
the media hypertrophied. In the ischaemic group the 
characteristic feature was the constant presence of severe 
narrowing or occlusion, usually both. Most of the major 
arteries were affected, often with deposits of calcium salts in 
their walls. Occlusion of the main coronary vessels in two or 
three sites was not uncommon. Anastomotic vessels were 
noted in all cases. This work adds to that of Blumgart, 
Schlesinger & Davis (1940), who studied the clinical manifesta- 
tions of angina pectoris, coronary thrombosis and myocardial 
infarction in relation to the pathological findings. When 
patients with complete old coronary arterial occlusion were 
grouped according to whether they had cardiac pain in life or 
not, certain differences in the coronary circulation were dis- 
closed. Of the twelve cases in which angina pectoris had been 
the primary cardiac disease, ten had old complete occlusion, 
which antedated the terminal illness, in at least two of the 
three main coronary vessels. In three cases all three main 
vessels had been occluded. These findings contrast with a 
group of thirteen patients who in life had no cardiac pain; 
in only three was there complete occlusion of two main 
vessels, which had been present for some time. These obser- 
vations would suggest that the collateral circulation of the 
heart can take over the nutrition of an area to which one of 
the main arteries has been occluded. Where, however, there 
is interference by blocking or narrowing of the collateral 
circulation, symptoms of cardiac ischaemia will occur. It 
also appears that cardiac pain is more liable to occur when 
there is myocardial hypertrophy and a consequent demand 
for a greater blood flow. 


5. Coronary Atheroma 


The problem of arterial atheroma continues to engage the 
attention of many workers. 

Morris (1951) has recently analyzed the post-mortem 
records of the London Hospital for the years 1907-49, during 
which a large number of the autopsies were made by the same 
observers. As far as possible he used definite indicators as to 
the extent of the atheroma: for example, a report of calcifi- 
cation was taken to mean “advanced” atheroma. Early 
atheroma included cases where the term “ slight” or fatty 
lesions had been recorded. From these figures he concluded 
that coronary atheroma visible to the naked eye occurs in the 
great majority of persons after the age of 40, and the amount 
of advanced atheroma, as defined, increases with age in both 
sexes. Unexpectedly, although there has been an increase in 
coronary heart disease as a whole between 1907-14 and 
1944-49, there has been a substantial decrease in advanced 
coronary atheroma. This decrease has occurred in two 
phases that seem to be connected with the two world wars. 
Morris discusses the possibility of experimental error in 
deriving these figures, but concludes that they probably do 
represent the true state of affairs. 

Recently Duguid (1946, 1948, 1949) has suggested that the 
classical teaching that the development of atheroma is due to 
fatty degeneration with fibrous overgrowth of the intima is not 
always the true explanation. Although this long-accepted 
mechanism may seem satisfactory from the histological point 
of view, it is not altogether in accordance with the principles 
of vascular physiology. White & Ferrero (1949) have also 


suggested that there may be more than one form of atheroma. 
Duguid admits that histologically there is a fibrous over- 
growth of the intima, but maintains that there is something 
about the thickening, especially the narrowing so commonly 
produced in medium-sized vessels such as the coronary 
arteries, that makes the overgrowth interpretation difficult to 
accept. Fibrous overgrowth alone, he suggests, must cause a 
widening, rather than a narrowing, of the artery. During life 
the arteries are constantly under the influence of the blood 
pressure so that any tissue growing in their walls must, as it 
grows, accommodate itself to the movements imposed by that 
force and eventually tend to fix the vessel rigidly in the 
expanded position. In fact the fibrous thickening in atheroma 
commonly narrows the vessels almost to the point of occlusion. 
Duguid has shown that lesions morphologically identical with 
atheroma can be produced by the organization of arterial 
thrombi. When the thrombus first forms in the artery it may 
first occlude the lumen but will later retract and form a 
channel through which the circulation is partly restored. 
This channel becomes lined with endothelium and the 
thrombus beneath it is organized into fibrous tissue, which 
takes on the appearance of an intimal overgrowth. In some 
instances a complete organization of the mass is brought 
about in this way but more often fatty. degeneration and 
softening occur at the centre. Most arterial thrombi, how- 
ever, do not cause total occlusion of the vessels, but merely 
form fibrous deposits on the intimal surface. These become 
covered with a layer of endothelium and, while the sub- 
endothelial layers undergo direct transformation into fibrous 
tissue, the deeper ones may vascularize. In large deposits, 
fatty degeneration may occur; softening may also take place 
and even calcification, with only a relatively limited organi- 
zation. It is in such instances that rupture of the surface 
occurs, with the formation of atheromatous ulcers. The 
progressive nature of the disease may be explained by the fact 
that thrombosis is a recurring condition and that in the aorta 
and coronary arteries multiple deposits of fibrin of different 
ages, and in different stages of organization, are commonly 
found, one on top of the other. Thus, the thickening which 
appears in the arteries of old people is often the cumulative 
effect of recurring mural thrombi. In this progress of 
organization, elastic—as well as fibrous—tissue is formed. 

Experimental confirmation that thrombi can be converted 
into fibrous tissue has been obtained by Harrison (1948), 
who injected finely divided fragments of fibrin clot into the 
veins of rabbits to produce emboli in the pulmonary arteries. 
These emboli were converted into fibrous thickening in three 
or four weeks. 

It is now becoming more apparent from clinical, morpho- 
logical, and experimental work, that in some cases the 
occurrence of atheroma may be due to an acquired abnor- 
mality in metabolism. The early lesions of atheroma are made 
up of small focal collections of lipid just below the endo- 
thelium, common in the aorta even in childhood. The role 
of heredity has been shown to play a part, and the studies of 
Wilkinson (1950) and of Adlersberg, Parets & Boas (1949) 
have shown a genetic transmission of abnormalities of lipoid 
metabolism associated with the early development of clinical 
atherosclerosis. The fact that the lesions themselves contain 
abundant fatty substances, that premature atheroma is often 
accompanied by high blood lipids, and the experimental 
production of atheroma in animals by a disturbance of their 
fat balance, points to a disturbance of lipoid metabolism as 
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PLATE I (FIG. A) 


EXPERIMENTAL HYPERTENSION 
(FIG. A) 


Clifford Wilson 


page 316 


From Ledingham (1951), by permission 
of Clinical Science 


FIG. A. Arteriolar lesions in the heart and pancreas of the hypertensive nephrectomized member of a parabiotic 
pair of rats 





PLATE Il (FIGS. B—E) 


RESPONSE OF THE CORONARY VESSELS TO MYOCARDIAL 


HYPERTROPHY 
(FIGS. B—E) 


J. Shillingford 
page 320 


FIG. B. Normal coronary arteries FIG. C. The coronary arteries in a case of malignant 
hypertension, showing dilatation and hypertrophy of 
the larger vessels 


FIG. D. The coronary arteries in a case of benign FIG. E. The coronary arteries in a case of aortic in- 
hypertension, showing proliferation of the smaller competence, showing the smooth, normal, larger 
vessels vessels, but a great increase in the finer vasculature 





PLATE Ill (FIGS. F—J) 


DEVELOPMENT OF ARTERIAL ANASTOMOSES SECONDARY TO 
ATHEROMATOUS OCCLUSION OF THE CORONARY VESSELS 
(FIGS. F—}) 


J. Shillingford 
page 320 


F—J. Where occlusion has occurred, nearly all the hearts show the development of arterial anastomoses 





PLATE IV (FIGS. K—N) 
THE CORONARY ARTERIES FROM A CASE OF FRIEDREICH’S 
ATAXIA, AND FROM CASES OF ATHEROMATOUS OCCLUSION 

OF THE CORONARY ARTERIES 
(FIGS. K—N) 


J. Shillingford 
page 320 


FIG. L. Severe advanced coronary atheroma in all 


FIG. K. The coronary arteries in a case of Friedreich's 
ataxia, showing an increase in the number of small larger vessels, accompanied by myocardial infarction 


arteries 


FIG. M. Myocardial infarction in a man aged 36 in whom he heart shown in fig. M, 
to demonstrate the extent of the thrombus (indicated 
by arrow) and the retrograde filling of the arteries 


there is narrowing of the right coronary artery and 
thrombosis in a short segment of the first part of the 
distal to the block by way of the anastomotic circulation 


left coronary artery just before its bifurcation 


FIG. N. An enlarged view of t 
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the fundamental causation of the disease. Chemical studies 
(Weinhouse & Hirsch, 1940) have shown that the lesions of 
atheroma are rich in cholesterol and cholesterol esters and 
also contain phospholipids and neutral fat. Biggs & 
Kritchevsky (1951) have shown that radioactive cholesterol 
easily passes from the blood stream into atheromatous 
lesions, while Kellner & Chang (1950) demonstrated that the 
endothelium was permeable to a considerable portion of the 
plasma lipids. Some studies suggest that patients with 
myocardial infarction have a higher blood cholesterol than 
the normal population (Morrison, Hall & Chaney, 1948), but 
others have been unable to substantiate this. In 1942 
Dauber & Katz produced atheroma in the chicken by adding 
supplementary cholesterol to the diet. More recently Steiner 
& Kendall (1946) fed cholesterol to dogs under treatment 
with thiouracil and were successful in inducing atheromatous 
lesions. Although these results in animals are interesting, 
they do not explain many of the problems connected with the 
development of the disease in man. 

In the last few years the rapid advances in lipoid chemistry 
have stimulated fresh interest in this problem. It is now clear 
that many tissues can synthesize cholesterol, both in vivo 
and in vitro, from simple and readily available precursors 
such as acetate radicles, and that the body as a whole can 
either build up or break down the cholesterol molecule 
(Gould, 1951), as much as 2,000 mg. of cholesterol being 
synthesized in a day. Recent studies in physical chemistry 
(Blix, Tiselius & Svensson, 1941; Cohn et al. 1950) have 
shown that a large part of the plasma lipids is present in 
combination with protein, and it is this which keeps them in 
clear solution. These proteins can be identified electro- 
phoretically as « and 8 globulins. Gofman et al. (1950) 
and Jones et al. (1951), using the analytical ultracentrifuge, 
found that most of the major lipids in the blood are in the 
form of protein complexes, which are subject to variation in 
size under the influence of diet, drugs and disease. One group 
of these complexes appears to be associated with the develop- 
ment of atheroma, and the authors maintain that the number 
of these molecules in the blood may indicate the development 
of atheroma before it can be detected clinically. 


6. Coronary Occlusion 


Illustrative examples of coronary occlusion and myocardial 
infarction are shown in Plate IV; figs. L-N. 

Although Morris (1951) found a decrease in the incidence 
of severe coronary atheroma, his figures from the London 
Hospital show a sevenfold increase in the number of deaths 
from coronary thrombosis and myocardial infarction during 
the period from 1907-14 to 1944-49. The initial and biggest 
increase took place towards the close of, and in the early 
years after, the First World War. These figures suggest a 
dissociation between the pathogenesis of coronary throm- 
bosis and coronary atheroma. They confirm the Registrar- 
General’s tables and the clinical impression that the inci- 
dence of coronary heart disease has increased independently 
of the ageing of the population and of improved diagnosis. 
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The same author has also shown that a sample study of 
coroners’ records suggests that spontaneous rupture of the 
cardiac ventricle has increased over the years. Further con- 
firmation of the great increase in coronary arterial disease is 
given by Ryle & Russell (1949). These authors, in a review 
of its natural history and a statistical study of the Registrar- 
General’s figures, showed that the mortality amongst males 
and females aged 35 years and upwards was [5 times greater 
in 1945 than in 1921. 

There appears to be more than one mechanism in the 
pathogenesis of coronary occlusion. .The steady progression 
of the development of coronary atheroma may lead to a 
cicatricial narrowing and occlusion of a vessel. Alternatively 
there may be a rapid development of thrombus within the 
lumen of the vessel; this process may be accompanied clini- 
cally by a sudden episode or by prodromal symptoms of pain. 
Mounsey (1951) has described four cases of this nature. In 
the first two cases an extensive infarct of the left ventricle 
and septum was found, the whole of the infarct appearing to 
be of the same age both on macroscopic and microscopic 
examination. The right coronary artery was occluded by old 
healed atheroma and the left circumflex was atheromatous 
but patent. The descending left coronary was occluded by 
fresh purple-red thrombus only lightly adherent to the wall. 
Histology showed the arterial lumen to be partly narrowed by 
old healed atheroma and thrombosis; inside this was a 
healing mural thrombus, infiltrated with fibroblasts and 
containing strands of true collagen. On top of this was the 
layer of recent thrombus. In the other cases the attacks of 
pain appeared to be associated with both atheromatous 
narrowing and subintimal haemorrhage. 

Paterson (1936) first emphasized the relationship between 
intimal haemorrhage and thrombosis of the main lumen. He 
believed that haemorrhage was caused by the rupture of 
capillaries which have originated from the arterial lumen. 
Wartman (1938) considered that an extensive intimal haemor- 
rhage in an atheromatous artery could cause a haematoma 
and occlusion of that vesse] without the formation of a 
thrombus. Winternitz, Thomas & LeCompte (1938) have 
also emphasized the part played by subintimal haemorrhage 
in the occlusion of arteries and the development of atheroma. 
In many cases the haemorrhage may precipitate the develop- 
ment of thrombus over the affected area. Horn & Finkelstein 
(1940) have described a series of 100 cases of recent coronary 
occlusion, in which they found an incidence of intimal 
haemorrhage at the site of occlusion in approximately two- 
thirds of the cases, while the other third showed thrombus 
formation over an arteriosclerotic plaque alone. The 
haemorrhages were always associated with vascularization 
and plaque degeneration. 

It is not possible in this review to discuss in any detail the 
pathogenesis of thrombosis and the reader is referred to the 
review on the subject by Wright (1952). Throughout life man 
maintains a balance between haemorrhage and thrombosis and 
it is becoming more evident, as the boundaries of knowledge 
extend, that the underlying mechanism initiating thrombosis 
is extremely complex and does not depend on any one factor. 
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During the past fifteen years a number of new observations 
have shown the existence of previously unsuspected reflexes. 
The receptors of these reflexes are in the heart and lungs; 
their afferent nerve fibres ascend in the vagi to the brain and 
the efferent fibres cause alterations in the circulation of the 
blood and the movements of respiration. It has not yet 
proved possible to classify these reflex phenomena satis- 
factorily. For some the physiological stimulus and the 
characteristics of the afferent nerve fibres are known, but their 
effects on the circulation and respiration are uncertain. Others 
have been distinguished by their reflex actions, though their 
receptors have not been identified. It is therefore likely that 
some of these mechanisms may prove to be identical; yet at 
the present time it is best to consider them separately. 
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1. Reflexes Arising from the Great Veins and Right Atrium 


Nonidez (1937, 1941) has shown that subendothelial nerve- 
endings in the veins on both sides of the heart resemble those 
found in the pressoreceptor areas of the carotid sinus and 
aortic arch. Amann & Schaefer (1943), Walsh & Whitteridge 
(1944), Walsh (1947), Whitteridge (1948), Jarisch & Zotterman 
(1948) and Neil & Zotterman (1950) have examined from the 
vagi nerve fibres whose activity is clearly derived from such 
venous pressoreceptors. As the pressure in the right atrium 
rises, these fibres discharge more frequently, and therefore 
normally show two bursts of impulses during each cardiac 
cycle, the first corresponding to the a wave of the venous- 
pressure pulse (between the P wave and the beginning of the 
QRS complex), and the second corresponding to the v 
wave of the venous pressure pulse (coincident with the T wave 
of the electrocardiogram). The characteristic discharge of 
one such fibre is shown in fig. 1. Dickinson (1950) showed that 
there is an approximately linear relationship between venous 
pressure and the discharge frequency in cats, even during 
nodal rhythm. Vagal afferent fibres possessing these charac- 
teristics will be referred to as ‘* venous-pressure fibres ”’. 
There are some observations which suggest that they may 
adapt to a maintained increase in pressure (Dickinson, 1950; 
Neil & Zotterman, 1950), a point of some importance in the 
interpretation of evidence of their central actions. They are 
blocked by cooling the vagi to 8°-12° C. (Whitteridge, 1948). 

The central effect of changes in the activity of these fibres is 
not yet established. The observations of Bainbridge (1915) on 
infusions of saline or blood suggested that a rise of venous 
pressure caused a reflex increase in heart rate—the Bainbridge 
reflex. But there can be little doubt that the voluminous 
infusions which he used had circulatory effects far beyond the 
great veins. Sassa & Miyazaki (1920) confirmed the observa- 
tions on which Bainbridge’s conclusions were based, but 
Tiitso (1937) thought that the cardio-acceleration was not 
reflex. Ballin & Katz (1941) were unable to produce reflex 
cardio-acceleration in dogs by distending the great veins and 
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right atrium with balloons, though infusion of saline was 
effective. On the other hand Aviado et al. (1951) found that 
increasing the pressure in the isolated perfused right heart of 
dogs caused a fall of blood pressure and heart rate, which was 
abolished by cutting the vagi. It was only in the later stages of 
their experiments, when presumably the condition of the 
animal was more abnormal, that tachycardia was seen. Hence, 
there is a difference of opinion on the nature of the central 
response to a rise in venous pressure, which must excite the 
receptors in the great veins and right atrium. 

Jarisch & Zotterman (1948) never observed an increase in 
heart rate on electrical stimulation of the central ends of the 
vagal branches to the right atrium of cats. The usual effect was 
a fall in blood pressure and heart rate when the strength of 
the stimulus was sufficient to excite the small fibre component 
of the nerve trunk. These nerves contain a few pulmonary 
stretch and aortic depressor fibres (Dawes & Whitteridge, 
unpublished observations; Dickinson, 1950) and it is possible 
that the latter might be partly responsible for the fall in blood 
pressure. Neil & Zotterman (1950) found from simultaneous 
records of the compound action potential of the main vagus 
trunk that no fall of arterial pressure could be elicited in the 
absence of slow potentials of the 8-type. Paintal (1952) has 
shown that the vagal venous-pressure fibres have a conduc- 
tion velocity ranging from 13 to 25 m./sec., and so might be 
included in this group. This evidence would appear to 
exclude cardio-acceleration as the central action of the venous- 
pressure fibres, but would be consistent with a depressor 
response. Megibow, Katz & Feinstein (1943) observed that 
distension of the junction between superior vena cava and 
right atrium caused an increase in the rate and depth of 
breathing, which is yet another possible explanation. 

There is here a clear conflict of evidence. No adequate 
explanation of Bainbridge’s experimental observations, 
which have been confirmed by several investigators, has yet 
been offered. Aviado ef al. (1951) have come to an entirely 
opposite conclusion, using different techniques. And the 
experiments of Zotterman and his colleagues agree with their 
explanation. This is a provoking state of affairs, for the 
venous-pressure fibres are as easy to record and almost as 
plentiful as the depressor fibres, in the vagus of the cat. It is 
possible that they are equally necessary in maintaining the 
adjustment of the circulation to its changing demands, but 
how this is effected we have yet to learn. 


2. Reflexes Arising from the Lungs 


a. Respiratory Reflexes Excited by Changes in Ventilation 


The Hering-Breuer reflex, which was first described in 1868, 
and studied by Head in 1889, consists of an inhibition of 
breathing on pulmonary inflation and is very well known. 
Its afferent pulmonary stretch fibres were investigated by 
Adrian (1933), who showed that the frequency of discharge 
was approximately proportional to the degree of inflation. 
Paintal (1952) found that the conduction velocity of these 
fibres ranged from 14 to 61 m./sec. They are blocked by 
cooling over a range of about 18° to 10° C. (Whitteridge, 
1948; Dawes, Mott & Widdicombe, 195la). They are 
excited by the injection of the veratrum alkaloids (Meier, 
Bein & Helmich, 1949; Dawes, Mott & Widdicombe, 195la, 
1951b), a fact which explains the arrest of breathing caused by 
injection of these substances (von Bezold & Hirt, 1867; 
Dawes, 1947; Aviado, Pontius & Schmidt, 1949). They are 


also excited by inhaled anaesthetic gases (Whitteridge & 
Biilbring, 1944) and by veratridine administered as an aerosol. 

Knowlton & Larrabee (1946) distinguished between the 
majority of pulmonary stretch endings which adapted slowly 
to a maintained inflation of the lungs, and a minority which 
adapted rapidly. Examples of these two types are shown in 
fig. 2. They thought the rapidly adapting fibres might be 
responsible for the increased inspiratory effort (as recorded 
from phrenic motoneurones) which occurs early in inflation 
(Head’s paradoxical reflex). However, Widdicombe (1952) 
has shown that these rapidly adapting pulmonary stretch 
fibres arise from endings in the trachea and bronchi; the 
slowly adapting receptors are confined to the more distal 
parts of the lung. In most instances, the rapid adaptation is 
due to a decreasing mechanical stimulation as the alveoli 
expand and the pressure in the trachea and bronchi falls. 
These fibres are blocked by cooling the vagi to temperatures 
which leave Head’s paradoxical response unaffected; we must 
therefore look elsewhere for an explanation of the increased 
inspiratory effort which occurs early in inflation. 

The existence of endings which are excited only by deflation 
of the lungs was suggested by Head (1889) and supported by 
the observations of Adrian (1933), Partridge (1935), Ham- 
mouda, Samaan & Wilson (1943) and Whitteridge & Biilbring 
(1944). Suction of air from the chest caused an increase of 
diaphragmatic tone which may be accompanied by an 
increase or decrease in respiratory rate. Whitteridge (1950) 
has suggested that these deflation fibres may be related to the 
endings described in the visceral and intralobular pleura by 
McLaughlin (1933) and by Larsell & Dow (1933). Finally 
one must take into account the possibility that some of the 
manoeuvres used to stimulate these pulmonary receptors may 
excite the cough reflex. 


b. Reflex Phenomena Excited by a Change in the Pulmonary 
Circulation 


An increase in the pulmonary arterial pressure of one lung 
was found by Schwiegk (1935) using defibrinated ox blood, 
and by Schweitzer (1936) and Parin (1947) using gum saline 
to cause a fall in blood pressure and heart rate. Daly et al. 
(1937) and Aviado et al. (1951) have confirmed these observa- 
tions in dogs with more complicated perfusion systems, in 
which the pulmonary and systemic circulations were sepa- 
rated. Aviado and his colleagues observed that a rise in 
pulmonary arterial pressure due to an increase in the output 
of the perfusion pump had no effect unless the pulmonary vein 
was obstructed. They therefore suggested that the receptors 
may be in the pulmonary veins, a hypothesis with which the 
evidence of Daly and his colleagues is in agreement. Changing 
the oxygen and carbon dioxide tension in the blood perfusing 
the lungs did not affect the circulation or breathing. 

A rise in pulmonary arterial pressure was found to cause an 
acceleration of respiratory movements (Aviado ef al. 1951) 
and in pulmonary embolism there is also a rise in pulmonary 
arterial pressure accompanied by an increase in respiratory 
rate (Megibow et al. 1943). It might be thought that this 
could be due to a mechanical effect on the pulmonary stretch 
fibres. Adrian (1933) found that some of these fibres had a 
cardiac rhythm superimposed on the respiratory rhythm, an 
observation confirmed by everyone who has worked with 
similar animal preparations. The cardiac rhythm is often 
very striking, and a careful study of large numbers of pul- 
monary stretch fibres shows that it is exceptional for them not 
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FIG. 1. VENOUS PRESSURE FIBRE 


Reproduced by kind permission of Dr J. G. Widdicombe 
Record of the action potentials from a strand dissected from the right vagus in a cat, showing the activity charac- 
teristic of a venous pressure receptor. The electrocardiogram has been imposed on the same record in order to show 
the time relations of the bursts of impulses to the cardiac cycle. 


Scale shows time in 0.1 sec. intervals 


FIG. 2. SLOWLY AND RAPIDLY ADAPTING PULMONARY STRETCH FIBRES 


Reproduced by kind permission of Dr J. G. Widdicombe 
A: response of a slowly adapting fibre (ending in the periphery of the lungs) 
B: response of a rapidly adapting fibre (ending in the trachea or bronchi) 


Records, from above downwards, of the electrocardiogram; the volume of pulmonary inflation produced by a 
motor-driven syringe; and action potentials from a single fibre of the vagus in a cat. 
Scale shows time in 0.1 sec. intervals 


FIG. 3. PULMONARY VASCULAR FIBRE 


Reproduced by kind permission of Professor D. Whitteridge 
Records, from above downwards, of the right intraventricular pressure; time in 50 cycles per second; the electro- 
cardiogram; and action potentials from a small strand dissected from the cervical vagus in a cat. 


The late systolic discharge is characteristic of a pulmonary vascular fibre 
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FIG, 4. FIG. 5. BEZOLD REFLEX 
AMIDINE REFLEX 


Records, from above H 

downwards, of heart R 
rate, in beats per EART ATE 
minute; respiratory 

movements, measured 

by recording the 240 

volume of a box in 

which the cat was en- 

closed from the neck 

downwards; and blood 

pressure. 


At the signal, 100 
4 pg. 2:a-naphthylethy! 
EXP\ RATION isothiourea was injec- 
&. ted intravenously and 
eS caused, by _ reflexes 
arising from the lungs ? 
and heart, a fall of 
blood pressure and Blood RESSURE 
heart rate accompanied 
by a complex change in 
breathing fm 


* ai 
ae | ae 


. & nee 


mm 


Records, from above downwards, of heart rate, in beats per minute, and 
blood pressure of a heparinized dog in which the peripheral end of the left 
circumflex coronary artery was joined to the left internal mammary artery 
by a short length of tubing. At the signal, injection of 0.5 ug. veratridine 
b: signal, showing point at which injection was made into the tubing caused a fall of blood pressure and heart rate. The minimal 

effective dose of veratridine by intravenous injection is about 20 times greater 


a: time in 5 sec. intervals 


FIG. 6. AORTIC DEPRESSOR FIBRE b: signal, showing point at which injection was made 


tn ae 


a: time in 5 sec. intervals 


pe mmm mene eee sempre ° aeenmamna an: nan nmeeee tnt tacetene . © 


Hiddidi 


A: discharge before a rise of systemic blood pressure B: discharge during a rise of systemic blood pressure 


Records, from above downwards, of the electrocardiogram, and the discharge of a single fibre from the depressor 
branch of the vagus in a dog. The relationship of the peak frequency of discharge to the cardiac cycle should be 
compared with that of the other fibre types shown in figs. 1 and 3 
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the pulmonary arterial branches might therefore increase the 
mean discharge frequency of the pulmonary stretch fibres. 
Biilbring & Whitteridge (1945) have investigated this point in 
perfused cats’ lungs, and found that pulmonary congestion 
caused by increasing the pulmonary arterial pressure, by 
occluding the venous outflow, or by both together, did not 
cause any significant change in the frequency of discharge 
from single vagal pulmonary stretch endings. 

Walsh & Whitteridge (1944) and Whitteridge (1948) have 
found in the vagi another distinct type of fibre, possessing a 
cardiac and respiratory rhythm, which is believed to be 
initiated by endings on the small vessels of the lung. The 
activity of these fibres was augmented by an increase in 
venous return, by obstructed inspiration and by suction of air 
from the trachea. The frequency of discharge was reduced or 
abolished by sustained positive pressure inflation of the lungs. 
The peak frequency comes characteristically late in the 
cardiac cycle (fig. 3) and Pearce & Whitteridge (1951) have 
shown that there is a direct relationship between the discharge 
frequency and the pulmonary arterial pulse pressure. These 
fibres have a conduction velocity ranging from 21 to 45 m./sec. 
(Paintal, 1952) and are blocked by cooling the vagi to about 
4°-5° C. (Whitteridge, 1948). Pearce & Whitteridge (1951) 
concluded that “‘ it seems most likely that these pulmonary 
vascular fibres are concerned primarily with vascular adjust- 
ments (cf. Daly et al., 1937; Schwiegk, 1935), and only 
secondarily, if at all, with respiratory behaviour.” However, 
they offer other evidence for the view that the receptors for 
these fibres are situated on the arterial side of the pulmonary 
vascular bed, and it will be recalled that Daly et al. (1937) and 
Aviado and his colleagues suggested that the receptors for the 
depressor reflex from the lungs lie in the pulmonary veins. 
Their evidence on this point is not finally conclusive, and 
requires further investigation. Meanwhile, both the central 
action of Whitteridge’s pulmonary vascular fibres, and the 
nature of the receptors for the pulmonary reflexes which cause 
alterations in the circulation and respiration, remain unknown. 


c. Respiratory and Cardiovascular Reflexes Excited by 
Injected Materials 


During the 1914-18 war, Shaw Dunn (1919) tried to 
produce the rapid shallow breathing of phosgene intoxication 
in other ways. He found that intravenous injection of starch 
grains into goats caused a similar respiratory disturbance. 
Since then a great deal of work has been carried out on 
multiple minute pulmonary embolism; Whitteridge (1950) 
has recently reviewed the subject. Shaw Dunn had found that 
the rapid shallow breathing was abolished by cutting the vagi; 
the arterial oxygen and carbon dioxide levels were unaltered, 
and there were only minor disturbances in the systemic circu- 
lation. Walsh (1947) concluded that the pulmonary stretch 
fibres were not regularly affected. Megibow et al. (1943) 
found that the tachypnoea was accompanied by a rise in 
pulmonary arterial pressure. These observations suggested 
that the rapid shallow breathing of starch embolism is due to 
the stimulation of receptors in the lung by an increase in the 
pulmonary arterial pressure. Whitteridge has pointed out 
that embolism with large objects or ligation of the pulmonary 
arteries does not produce tachypnoea, whereas multiple 
minute emboli do. This would suggest that the afferent nerve- 
endings must be in the neighbourhood of the larger arterioles, 
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to show it to a small degree. An increase in the pulsations of 








and it is certainly possible that they are identical with 
pulmonary vascular fibres discussed above. 

In contrast to the mechanical effects of starch grains, varic us 
chemical substances also cause a complex alteration in 
breathing by an action on pulmonary receptors. Amid ne 
derivatives such as phenyl diguanide or 2: «-naphthylet-y| 
isothiourea (Dawes & Mott, 1950; Dawes & Fastier, 19.0: 
Dawes et al. 1951a) cause in cats a transient arrest of breath ng 
in the position of expiration, followed by rapid shal!ow 
respiration (fig. 4), sometimes with an increased expiratory 
volume. In rabbits they have an analogous but even mure 
complicated action. Certain antihistamine substances s):ch 
as Benadryl and Anthisan (Aviado, Pontius & Schmidt, 19-9: 
Jones, 1952) cause similar effects in both cats and dovs. 
None of these substances excites the pulmonary stretch fibres, 
and their action on breathing persists on cooling the vagi to 
nearly 2° C., a temperature far below that at which the 
pulmonary stretch fibres are blocked. The latency between 
injection into the right atrium and the primary inhibition of 
the phrenic motoneurone discharge is considerably less than 
that for veratridine, which excites the pulmonary stretch 
fibres. The receptors may therefore be on the arterial side of 
the pulmonary vascular bed. The response of these reflexes 
to vagal cooling and the observations of Paintal (1952) 
suggest that the afferent nerve fibres may be of very small 
diameter. 

Certain of these amidine derivatives also cause a depressor 
reflex by an action on other receptors in the lung (Dawes & 
Mott, 1950; Dawes & Fastier, 1950; Dawes et al. 195la). 
These receptors have been distinguished from those responsible 
for the respiratory effects described above in a number of ways. 
For instance, some amidines produce a profound fall of blood 
pressure and heart rate, but little or no respiratory disturbance, 
while others have the reverse effect. In some animals it is 
possible to cool the vagi and abolish the depressor response, 
while the alteration in breathing remains substantially 
unaffected. The fall of blood pressure and heart rate caused 
by injection of these substances is very profound (fig. 4); the 
blood pressure may fall within a few seconds to 30-40 mm. 
Hg and the heart may cease beating altogether for severa! 
seconds. This mechanism, no matter what may be its physio- 
logical function, is therefore capable of producing great 
alterations in the systemic circulation. Here again, the nature 
of the receptors is so far unknown. 

Horse serum (Brodie, 1900; Dawes & Feldberg, 1949) aid 
veratridine (Dawes, 1947) have also been shown to cause a 
reflex fall of blood pressure and heart rate by an action : 
receptors in the lung, but these phenomena have not been 
analyzed so fully. Brodie & Russell (1900) also showed ti 
inhalation of bromine vapour caused an apparently simi! 
response. 

These observations on a variety of substances lead inevita! 
to the conclusion that powerful respiratory and card: 
vascular reflexes are controlled by nerve-endings in the lur 
These receptors may be identical with those already c 
sidered, though there is no proof that this is so. 


3. The Bezold Reflex 


In 1867 von Bezold & Hirt observed that the fall of bi: 
pressure and heart rate and the slowing or arrest of resp 
tory movements, which follow the intravenous injection o! 4 
mixture of veratrum alkaloids (veratrine), were abolished 'y 
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cutting the vagi. They considered these actions to be due to 
reflexes, possibly originating from the heart. We now know 
that the respiratory arrest is due to the excitation or sensitiza- 
tion of the pulmonary stretch fibres discussed above. But the 
fall of blood pressure and heart rate (the Bezold reflex) is more 
complex in character, and the physiological mechanisms 
whic: are involved have not yet been identified with 
certa:nty. 

Th: original observations of von Bezold and Hirt were 
published in a little-known journal and were forgotten until 
Jariseh, investigating the fall of blood pressure and heart rate 
caused by extracts of mistletoe (Viscum album), was struck by 
the s. nilarity between the actions of this substance and that of 
verai“ine. According to Jarisch & Richter (1939) and 
Richer & Amann (1940), the most important part of the 
affer.nt impulses responsible for the depressor action of 
verai:ine comes from the myocardium of the ventricles, and 
only a minor proportion from the lungs. These conclusions 
were based on experiments in cats, in which veratrine was 
injec'ed before and after interruption of the cardiac branches 
of the vagi by nerve section or application of a local anaes- 
theti to the pericardium. Krayer, Wood & Montes (1943) 
used the innervated dog heart-lung preparation, with separate 
perfusion of the head, to show that the reflex originates pre- 
dom nantly from the thoracic viscera. The fall in blood 
pressure was found to be due to both bradycardia and peri- 
pheral vasodilatation (Krayer, Moe & Mendez, 1944; Moe, 
Bassett & Krayer, 1944). Additional evidence for the view 
that ‘here are receptors in the myocardium, which on stimula- 
tion cause a fall in blood pressure and heart rate, has been 
gained by injection of the veratrum alkaloids into the main 
coronary arteries or their branches (Dawes, 1947; Dawes et al. 
1951b). In dogs, the Bezold reflex can be elicited by injection 
of one-tenth to one-twentieth the minimal effective intra- 
venous dose of veratridine, protoveratrine, cevadine, veratrine 
or Veriloid into the arterial supply to the left ventricle (fig. 5). 
In cats, but not in dogs, injection into the right coronary 
artery is also effective. The Bezold reflex is blocked by cooling 
the vagi to about 9°-11° C. A number of other substances 
are now known to cause similar effects on injection into 
the coronary vessels; these include adenosinetriphosphate 
(Emmelin & Feldberg, 1948), foreign serum (Dawes & 
Feldberg, 1949) and various amidine derivatives (Dawes & 
Mott, 1950; Dawes & Fastier, 1950). But there seems no 
obvious reason why this heterogeneous collection of sub- 
stances should cause the same type of response. 

Jarisch and his colleagues have discussed the possibility 
that the physiological counterpart of the Bezold reflex lies in 
myocardial stretch receptors which would be excited by a 
rise of left ventricular pressure. Though there is no histo- 
logical evidence for specialized nerve-endings in the myo- 
cardium of the type seen in the carotid sinus, aortic arch or 
the great veins, yet some colour is lent to this hypothesis by 
the work of Daly & Verney (1927). These authors found that 
raising the pressure in the ascending aorta (the end of their 
cannula was within a few millimetres of the coronary orifice) 
caused a reflex fall of heart rate. This procedure must have 
led to an increase in pressure both in the coronary arteries 
and the left ventricle. 

As to the vagal afferent nerve fibres which are responsible 
for the Bezold reflex, there are at least two possibilities. 
Whitteridge (1948) and Dickinson (1950) have observed on a 

few occasions single vagal fibres whose peak frequency of 
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discharge falls very early in the cardiac cycle, wel before that 
of the aortic pressoreceptors. It may be, as they suggest, that 
these originate from the walls of the ventricle. Jarisch & 
Zotterman (1948) and Neil & Zotterman (1950) have described 
very small spikes recorded from cardiac branches of the vagus 
which are induced by roughly handling or »inching the 
ventricles or the upper part of the septum. It is, however, by 
no means certain that these spikes originate from nerves whose 
endings are normally excited by pressure changes in the wall 
of the heart. 


4. Aortic Stretch and Chemoreceptors 


Finally a word must be said about the stretch and chemo- 
receptors of the aorta. An example of a single aortic stretch 
fibre (from the depressor nerve of a dog) is shown in fig. 6. 
The peak frequency of discharge comes shortly after the QRS 
complex; this is to be compared with the other fibres of 
vascular origin shown in figs. 1 and 3. 

The afferent nerves of the aortic chemoreceptors also run 
in the vagi (Comroe, 1939), and experiments on other types of 
receptors in the heart and lungs, which involve blocking or 
cutting the vagi, are liable to be complicated by this fact. In 
1925, McDowall showed that section of the vagi in cats 
suffering from the effects of severe haemorrhage caused a 
further fall of blood pressure. He suggested that this might 
be due to the interruption of afferent impulses from nerve- 
endings in the right atrium. But Kenney & Neil (1951) have 
shown that selective inactivation of the aortic chemoreceptors 
by injection of acetic acid abolishes the phenomenon. 
Administration of oxygen to bled animals also greatly 
reduced the fall of blood pressure caused by blocking the 
vagi. These observations do not disprove McDowall’s 
hypothesis, for the central effect of the venous pressoreceptors 
is still not known. But they do illustrate the difficulties in the 
interpretation of experiments on the vagus nerves, which carry 
to the brain afferent impulses from so many receptors. 


The observations which have been described prove the 
existence of a number of reflexes, arising from the heart and 
lungs, which cause changes in the circulation and the move- 
ments of respiration. Some of these are well known and their 
physiological purpose is obvious. Others are less well known 
and their physiology is obscure. It is particularly difficult to 
assess the importance of a reflex mechanism excited by the 
injection of a drug, which may cause all the afferent nerve- 
fibres of one type of receptor to discharge simultaneously. 
The response to such an overwhelming stimulus may be most 
impressive, but that is not sufficient evidence on which to base 
an estimate of the normal role of these nerves in the regulation 
of the circulation. Some caution must therefore be observed 
in applying these and other observations to the intact animal 
or to man. Nevertheless, it is sure that there are reflex 
mechanisms of great complexity in the heart and lungs, and 
that we do not yet know all that there is to be known of their 
physiology. Whether these investigations will lead to any 


considerable change in our views on the control of the circula- 
tion remains to be seen. 
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ecent development of capacitance manometers and 
gauges has allowed accurate recording of pressure 

in human blood vessels. Changes in the circulation 
ow be observed which are too rapid for measurement 
ier methods. Simultaneous records of blood flow in 
‘nt parts of the body have given data for the study of 
ssure-flow relationships. The application of such methods 
study of circulatory failure is the subject of this paper. 


1. Local Impairment of the Circulation to a Limb 


The local arterial blood pressure distal to an obstruction of 
a main artery has been measured directly. It was found that, 
although the pulse pressure was greatly reduced, the mean 
arterial pressure was often only slightly reduced (Edholm, 
Howarth & Sharpey-Schafer, 1951). This is to be expected 
from the physics of the situation and explains why methods 
such as oscillometry, which depend on pulsation, are of little 
value in the study of peripheral vascular disease. A method 
has been devised for measuring the resistance of the collateral 
pathway round an arterial obstruction (Dornhorst & Sharpey- 
Schafer, 195la). Pressure and flow are measured simul- 
taneously and two sets of data obtained at different levels ot 
flow. The resistance of the collateral circulation can then be 
calculated. The validity of the method was checked in the 
special case of osteitis deformans of the humerus, a condition 
in which the blood flow through the affected bone is greatly 
increased. When the main artery was blocked, collateral 
resistance on the affected side was conspicuously less than on 
the normal side. 

Further studies showed that the local pressure and flow 
varied with the tone of the vessels distal to the arterial block. 
Thus the vasodilatation of reactive hyperaemia might cause 
only a moderate increase in flow and a sharp drop in local 
blood pressure (Dornhorst & Sharpey-Schafer, 1951b). 
The effect of sympathectomy on the collateral pathway in 
arterial obstruction was similar to its effect on the peripheral 
vessels of normal limbs. There was vasodilatation lasting a 
week or so followed by a return to the previous level. 

When there is obstruction to the main artery of a limb, 
therefore, measurement of blood flow alone is insufficient. 
The pressure of the local arterial supply must also be known. 


2. Acute Hypotensive States 


Barcroft et al. (1944) showed that the acute hypotension of 
vaso-vagal fainting from haemorrhage was associated with 
conspicuous vasodilatation in muscle vessels. The vasodila- 
tation is mediated through the vasomotor nerves, but the 
afferent pathway of this mechanism remains obscure. Blood 
flow during haemorrhagic fainting has been measured in the 
kidney (de Wardener & McSwiney, 1951) and in the liver 
(Bearn et al. 1951). There was constriction in both organs 
during bleeding: no further constriction occurred during the 
acute hypotensive phase and there may have been slight vaso- 
dilatation. 

A number of other conditions producing fainting have been 
investigated: standing still in the erect posture, standing to 
attention, the strict supine position in late pregnancy, and 
tipping upright after spinal anaesthesia. All these showed 
vasodilatation in the muscles during the phase of acute hypo- 
tension (Brigden, Howarth & Sharpey-Schafer, 1950). There 
was evidence of a change in the distribution of blood in the 
body, which in its effect on the filling pressure of the heart was 
equivalent to a large haemorrhage. Spontaneous or psycho- 
genic fainting is also associated with vasodilatation in muscle 
vessels (Brigden et al. 1950; Greenfield, 1951), but preceding 
circulatory events remain unmeasured. 

Some data have been obtained on other mechanisms 
resulting in acute hypotension and unconsciousness. In 
subjects with a relatively fixed cardiac output arterial pressure 
may fall if there is peripheral vasodilatation. Heat and 
exercise are common causes. In myxoedema, cardiac output 
is set at a low level and does not increase when the legs are 
immersed in hot water. Conspicuous vasodilatation, how- 
ever, occurs in previously constricted skin and muscle vessels. 
A steep fall of blood pressure and unconsciousness may 
result (Howarth & Sharpey-Schafer, unpublished). 

The best examples of hypotension following exercise have 
been observed in primary pulmonary hypertension. Howarth 
(unpublished) found that, contrary to expectation, the systemic 
blood pressure fell gradually on cessation of exercise and 
reached its lowest level (about 30 mm. Hg) only after a 
minute or so. Simultaneous systemic arterial and right 
ventricular pressure records suggested that a cardiac factor 
must be considered. An important finding was the onset of 
bradycardia at the point when the blood pressure was lowest: 
this suggested that slowing of the heart rate is not confined 
to the post-haemorrhage vaso-vagal faint, but may be 
precipitated by acute hypotension from other causes. 

Mechanisms producing syncope in subjects who cough 
violently or who have obstruction of the vena cava are similar 
in some respects to those involved in the Valsalv:. manoeuvre. 
The Valsalva manoeuvre itself forms the main ingredient in 
certain fainting tricks beloved by schoolboy minds of all ages 
(Howard et al. 1951). The rate at which blood accumulates 
during a Valsalva manoeuvre in those parts of the body 
where there are venous valves depends on the previous 
arteriolar tone. When the vessels are dilated by preceding 
hyperventilation or by squatting, the redistribution of blood 
is such that the stroke output of the heart falls to its lowest 
level, and the effective supply pressure across the brain 
becomes inadequate. ‘ 

Rather similar effects are produced by violent coughing, in 
which the intrathoracic pressure may reach 300 mm. Hg. 
Subjects with superior vena caval obstruction who collapse on 
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coughing, or on standing after squatting, show mechanisms 
similar to those of normal subjects, except that the return of 
blood after redistribution is impeded by the block (Sharpey- 
Schafer, unpublished). 


3. Heart Failure 


Blood flow in the forearm is usually reduced in congestive 
heart failure from hypertensive or valvular heart disease. 
Normal subjects showed little change in blood flow when bled 
at normal rates (Edholm & Howarth, 1947), though a reduc- 
tion in blood flow has been observed at faster rates. In 
contrast, cases of heart failure developed an increased forearm 
flow when bled. If the venous pressure in normal subjects is 
conspicuously raised by rapid transfusion, vasoconstriction 
occurs (Howarth & Sharpey-Schafer, 1947). Similar results 
were obtained by changing the filling pressure of the heart by 
changes of posture. Thus, when placed in the erect position, 
normal subjects developed vasoconstriction in the forearm, 
whereas patients with heart failure showed vasodilatation 
(Brigden & Sharpey-Schafer, 1950). These changes were 
mediated through the vasomotor nerves. 

The afferent pathway for peripheral constriction in heart 
failure is unknown, though there is some indirect evidence 
which suggests that pressure changes in the heart or pul- 
monary circulation may be responsible. The highest pressure 
levels in the venous system have been recorded in attacks of 
acute left heart failure. Peripheral constriction may be so 
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intense under these conditions as to lead to gangrene «° the 
extremities. 

The difference between the normal and failing circu 
may be demonstrated in other ways. Howard & Le: 
(1951) took continuous arterial pressure records on a ti 
table. Normal subjects showed a decrease in pulse pr: 
when erect, whereas cases of heart failure showed an inc 
The Valsalva manoeuvre resulted in a conspicuous diffi 
in the arterial pressure tracing in the two groups. Ca 
moderate or severe heart failure showed no diminution o! 
pressure while the intrathoracic pressure was high. Wh 
patients ceased to blow, the blood pressure did not fall 
the control level, nor was there an ensuing overshoot (| 
horst, Howard, Leathart & Sharpey-Schafer, unpublish 

Three factors may be involved in this difference: the c. 
distribution of the blood in heart failure as compared 
normal subjects; the peripheral vasoconstriction an 
sultant slower accumulation of blood in the peripheral 
and the response of the failing heart to a falling effective 
pressure. 


4. Conclusion 


Procedures designed to change the circulation rapidly have 
been used to study the normal and failing vascular system. 
The main advantage is that they are repeatable. The dis- 
advantage is the failure of present methods of measuring 
blood flow through internal organs to record rapid changes. 
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relative insensitivity of the ear to low-pitched sounds is 
accentuated by the stethoscope, especially the variety fitted 
with a diaphragm. 

The actual intensity of the low frequency (low-pitched) 
heart vibrations transmitted to the chest wall is far greater 
than that of the higher frequency murmurs. An exact graphic 

PHONOCARDIOGRAPHY registration without modification (linear recording, apex 
cardiogram) shows oscillations as low in frequency as the 
jugular pulse tracing, and resembling the clinical findings of 
palpation of the heart. To show the heart sounds of rela- 

AUBREY LEATHAM B.A. M.B. M.R.C.P. tively low intensity, or even less intense murmurs, on the same 
Assistant Director record, the amplification would have to be so enormously 
Institute of Cardiology increased that the greatly preponderant low frequency oscil- 
London lations of the heart would occupy a film many feet in width ; 

the heart sounds and murmurs would then appear as minute 

vibrations superimposed on these great waves. To make the 

Principles of phonocardiography recording resemble auscultation, filters are introduced to 
parent —— attenuate the lower frequencies. This was done by Posener 
Heart sounds in mitral valve disease & Trendelenburg (1929) and the resulting phonocardiogram 
Heart murmurs has been described as a logarithmic recording (Rappaport & 
a Systolic murmurs Sprague, 1942), for its frequency response has the same 
b a ete logarithmic pattern as the human audiogram; the pre- 
PR om mang ponderance of high frequencies suggests the simpler title of 
References high frequency recording, and this is the type of phono- 


Phonocardiography is the graphic registra- FIG. 1. SENSITIVITY RESPONSE OF THE EAR 
tion of heart sounds and murmurs. With 


its help the findings of auscultation can be a ~~ 
put on a more accurate basis, and can be Me ™ 


extended. Though introduced almost as N 
early as electrocardiography it made little yA A Ye 


progress until the relatively recent perfec- 
tion of sensitive microphones, thermionic 
valve amplifiers, and multiple galvano- 
meters permitting several synchronous 
records. It is the purpose of this paper 
to describe the principles of phonocardio- 
graphy, the apparatus, and the application 
of this technique to certain clinical prob- 
lems. 


ME 29% 
U7 
TT 2a 
Sn) 
iuianaatiaah CoA 


AE TW 
For a phonocardiogram to be interpret- me 

romereeemereme St VATE TTI CUI | 
representation of the auscultatory findings. sani | 


UND INTENSITY - units 


The graph must mimic the characteristics 
of human hearing through the stethoscope. 


The audiogram (fig. 1) shows the relative 
insensitivity of the ear to low tones and its S34 8 See ae 


much greater sensitivity, increasing log- FREQUENCY -cyc.es per second 
arithmically, to high tones. For example, nt rem ca ferent ae 
a b c d 


to be heard, a third heart sound at a 
frequency of 16 cycles per second has to After Fletcher (1929) 


be ten thousand million times more intense Curve showing threshold of audibility at different frequencies. This gives, in arbitrary units 

are ri units, 
than a faint murmur at 2,000 cycles. Thus the intensity of a sound required to stimulate the ear at any frequency. One unit is chosen 
It ts easy to better the ear with graphic as the lowest intensity which can be heard at 2,000 cycles per second, this being the frequency 
recordings of low-pitched sounds but diffi- at which the ear is most sensitive. The dotted line is the high frequency (HF) curve of 
cult to exceed the sensitivity of the ear fig. 2, and ee the —— of oak Ge an oe in the HF filter position, The 

. = approximate frequencies of heart sounds (a), of the mid-diastolic murmur of mitral 
i high-pitched murmurs (for example, stenosis (b), of systolic murmurs (e), and of aortic early diastolic murmurs (d) are shown, 
aint aortic early diastolic murmurs). The but there is much variability and overlapping of one with another 
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FIG. 2. RESPONSE CURVES OF THE PHONOCARDIOGRAPH 
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aati vantage isa slight variation in sens 
" with temperature. The crystal, which 


Aon oe HL chest wall by means of suction or rubber 
r | Td i adhesive, or by a rubber strap. Both 

methods may be required if the skin is 
Weil) i loose so that the microphone falls away 


3 4 567891000 2 from the chest wall. 


The introduction of the crystal mi 
phone marked a great advance in ph 
cardiography because it is sensi 
sufficiently constant in its characteri 
free from inherent noise, and light en 
to be fixed directly to the chest. Its d 


sists of Rochelle salt, has the proper 
converting sounds or pressure waves 
electrical currents and responds 
uniformly over the range of freque 
required for phonocardiography. It 
be fixed directly to the chest wall b 
then relatively insensitive and liable 
damaged. We prefer the crystal t 
actuated by a diaphragm which us: 
renders it more sensitive. The microp! 
should be attached lightly but firmly to the 


If the microphone 
is very tightly applied, its sensitivity is 
lessened. A standard technique must be 


Response curves of the phonocardiograph, excluding microphone, taken through the three adopted in fixing the microphone to the 


filters which have been found most satisfactory for clinical diagnosis 


HF: high frequency 
MF: medium frequency 
LF: low frequency 


A constant input was supplied at all frequencies 


cardiogram which is of most use for clinical purposes. Greater 
attenuation of the low frequencies is occasionally an advan- 
tage in order to separate two contiguous sounds, or to reduce 
the size of the lower frequency sounds in order to increase the 
gain for a faint murmur. Less attenuation of the low fre- 
quencies results in a recording of medium frequency which is 
useful for the medium-pitched mid-diastolic murmur of mitral 
stenosis. A further decrease in attenuation of the low 
frequencies is an advantage for recording low-frequency 
sounds such as the auricular and third heart sounds, but it 
follows that these sounds will then be exaggerated in relation 
to auscultation. These three curves—of high, medium, and 
low frequency—are shown in fig. 2. 

The filtration method of attenuation is inefficient if the faint 
sound or murmur is composed, in part or whole, of the fre- 
quencies that are being attenuated by the filters, and it is an 
advantage to have some alternative electronic method of 
voltage limitation. By this means, all sounds and murmurs 
above a certain intensity are reduced in size so that the ampli- 
fication can be greatly increased to show sounds or murmurs 
of low intensity (Plate VIII, fig. EE). 


2. Apparatus 


Direct methods of recording were used for much of the 
original work on the heart sounds (Wiggers, 1918 ; Orias & 
Braun-Menéndez, 1939), but have now been superseded for 
most purposes by electrical methods. 


chest wall, for variation will cause changes 
in frequency response. The microphone 
leads to a valve amplifier which must be 
specially designed and constructed so as to 
be free from internally generated noise. 
The valves must be specially selected, but 
even the best are not entirely silent and 
may constitute a limiting factor by dis- 
turbing the base-line when great amplification is needed for 
faint high frequency murmurs such as the diastolic murmur 
of aortic incompetence. The first valve is the most important 
in this respect and great attention must be paid to this part of 
the amplifier. External electrical interference cannot cause 
trouble, provided that the microphone and amplifier and all 
connexions are carefully screened and earthed. Consiant 
vigilance is required to see that the amplifier remains 
from noise, which can develop from a small fault such 
battery which is defective. The amplifier can easily be 
for noise by changing the microphone for a condenser oi 
same capacity; a record is then taken with full amplifica' 
when there should be no disturbance of the base-line. 
Attenuation of the loud low frequencies in order to rr 
murmurs requires filters in the amplifier, and these co 
of condensers and resistances, or condensers and ch: 
Simply by varying the value of these components. 
degree of low frequency cut can be obtained. We havi 
found any practical advantage, although it is as eas’ 
cutting the higher frequencies when making a low frequ 
record; the high frequency murmurs or unwanted vibra 
are of such low intensity compared with the great intensi\y ‘ 
the heart sounds that they cannot be seen on these rec 
The cutting of higher frequencies in medium or high freq: 
recordings may also mask murmurs which are often sp 
over a very wide frequency range. 
The amplifier leads to a galvanometer which mus 
sensitive and respond to frequencies up to 1,000 cycles 
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second, perhaps higher in the future. The galvanometer 
should have no natural frequency within or near this range. 
There are three main varieties in use. The mirror galvano- 
meter is most generally used and is capable of giving very 
good results if it is carefully damped to avoid artifacts arising 
from stimulation of its natural frequency. The cathode-ray 
tube is theoretically the best, since its frequency response is 
almost unlimited, but photographic technique with this instru- 
ment will have to be improved. We have had good results 
wit), the tight string of an Einthoven galvanometer. It has 
cellent frequency response to 800 cycles and moderately 
to nearly 2,000 cycles; there is little variation over this 
with different strings. Its disadvantage lies in its 
lity, particularly if used in a double fibre case. The 
iency response curves in fig. 2 were taken with the string 
inometer but were almost the same with a mirror galvano- 
Thus the type of galvanometer need not influence the 
medium, and high frequency response curves, since the 
of the filters is so great compared with variations in 
the salvanometer. This applies also to microphones of the 
cry ial variety. 
ie recording is made on photographic film or paper. Film 
has ‘he advantage of a greater density range and is best for 
shoving the fine detail of high frequency murmurs and 
rating closely split sounds. Paper is less expensive. The 
speed at which the recording material travels should be 
ible, as high speeds help accurate analysis or timing of a 
sound or murmur, while low speeds give repetition of the 
sounds and murmurs over a small area so that vibrations 
which are not repeated, usually artifacts, can be easily seen. 
We use a speed of about 70 mm./sec. for routine work, but 
up to 100 mm./sec. for problems such as the differentiation of 
split heart sounds from the opening mitral snap. Direct 
writing instruments of the usual variety are of no use for 
recording sound because they respond poorly to the higher 
frequencies. 
he reference tracing may be anelectrocardiogram, a jugular 
or carotid pulse tracing, an apex cardiogram or another 
phonocardiogram of a different frequency or from a different 
area. The electrocardiogram is easy to use and gives valuable 
information on the timing of the first heart sound and of 
auricular systole, but gives no accurate timing for the second 
sound or for diastole. The jugular tracing gives information 
on the timing of events in the right side of the heart, parti- 
cularly of the second and third heart sounds; it may be 
difficult to obtain a clear record and the low frequency nature 
of the curve makes exact timing difficult. . The carotid pulse 
gives accurate information on the time of onset of left ventri- 
cular ejection and aortic valve closure. We have not yet 
found much help from adding the apex cardiogram to our 
low frequency phonocardiogram. Valuable in practice is a 
second phonocardiogram synchronous with the first, taken 
from a different area; the apical record will give information 
about mitral and aortic valve murmurs, the aortic second 
sound, and the auricular and third heart sounds, while a 
record from the pulmonary area will show splitting of the 
second sound, and from the lower left sternal edge the mitral 
snap and early diastolic murmurs. Synchronous low and 
high frequency phonocardiograms from the same area are of 
help in showing the sounds in relation to the murmurs. 
Assuming that the apparatus is adequate, the main problem 
in phonocardiography is to secure a record free from extraneous 
vibrations, i.e., a clear base-line. These unwanted vibrations 


may come from outside noises, and a quiet room is necessary 
for clear records. Sound-proofing is not needed with present 
methods, but may become necessary’ with more sensitive 
apparatus. Great care is required in placing the microphone 
accurately on the chest to ensure a perfect fit; this prevents 
external noise from intruding and the heart sounds from 
escaping, and artifacts are less likely to occur. The greatest 
single factor in achieving a clear base-line is perfect relaxation 
of the patient. The noise appears to come from muscles 
which are not relaxed, and it is essential that the patient 
should be warm, comfortable, and fully informed of the 
simple nature of the procedure. The recording is usually 
made with respiration halted in expiration to avoid disturb- 
ance by breath sounds, and this should be rehearsed before- 
hand. A listening post should be fitted to the amplifier to 
detect undesirable noise from a badly held breath, from 
borborygmi, or noise from without. 

Phonocardiographic measurements of the loudness of 
sounds and murmurs have been made (Mannheimer, 1940; 
Carlgren, 1946) and these require a method of calibrating the 
sensitivity of the apparatus to allow for changes in the 
sensitivity of amplifier and microphone. For this purpose the 
crystal microphone is not very suitable because of its varia- 
bility in sensitivity with changes in temperature. With an 
accurate calibrating device comparative measurements can be 
taken from the same point in one patient at different times, 
and from other areas in the same patient, provided that 
the method of attachment of the microphone is the same. 
Comparison of the intensity of sounds and murmurs in 
different patients is without much significance, owing to 
variation in the conduction of vibrations from the heart to 
the chest wall. 


3. The Second Heart Sound 


The “ pulmonary second sound ” is notoriously difficult to 
interpret. This is due to failure to appreciate that the second 
sound in the pulmonary area has both aortic and pulmonary 
components ; the analysis of each component is possible 
only when the two are separated or split, and this takes place 
normally during inspiration. Splitting of the second sound in 
the pulmonary area at the end of inspiration and beginning of 
expiration in healthy subjects was well known to Potain (1866) 
and had been described by Schafer (1859). This splitting is an 
almost invariable finding in the pulmonary area in healthy 
children and young adults, and its occurrence or accentuation 
at the end of inspiration and beginning of expiration has been 
confirmed by graphic methods (Leatham & Towers, 1951). It 
was most obvious in the pulmonary area and in the third and 
fourth left intercostal spaces, faint or absent at the xiphister- 
num, and usually absent at the aortic and mitral areas. 
Synchronous phonocardiograms in the pulmonary area and in 
the mitral and aortic areas were used to identify the two 
components of the second sound, to measure the width of the 
splitting and the effect of respiration, and to compare their 
relative intensities. In every subject two components of the 
second sound were recorded in the pulmonary area during 
inspiration; only one was recorded in the mitral and aortic 
areas (Plate V, fig. O) and this invariably coincided with the 
first of the two components in the pulmonary area. The 
second and later component was therefore recorded only in or 
near the pulmonary area and we assumed that it was pul- 
monary in origin. That the first component was aortic was 
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PLATE V. 


xode 9y3 03 po22;wsues2 UDA Ss} pue ‘ease Aueuow 
-ind aya ur (yw) qusuodWoO> s12J0e Jase 9Yy2 UeYI 493e013 Yonw 
S! punos iuesy puores 942 jo (gy) UsUOdWOD AseuOW Ind Jo2e] DY) 


PUNOS 3IkBY PUODIS JO sJUQUOdWOD OM} :ZZ 

punos queoy 3suy 31 

PuNos JueeYy puores jo qUsUOdWO? AseUOWINd 34 
PUNOS JIkBY PUOES Jo JUQUOdWIOD 312108 
}| pee] wes801pie301299)9 
(WW) eese jeus1w 942 wou Bulps0re4 4Hy 
(wd) ease Aseuowjnd 943 wos 8ulpuozes 4H 

"29S PO'O pue ZO U! ow? : 
:SPJEMUMOP BADGE WO.) spsor9y 


NOISN3LYZdAH AYUVNOW INd 
NI SWVYDOIGUVYDONOHd SNONOUYHONAS ‘YU ‘DId 


‘29s 1'9 Aq slusuodwo> 
OM2 9y2 jo UO!IBuEdes BuUIsNe> puNos JIesYy pUodes 9y2 jo JUQUOdWOD 
(Aseuowjnd) puoses 942 ul Aejap e si du942 (“gSNI) UONesdsul UD 
PUNOS IIeBY PUoreS Jo s1UsUOdWOD OM3 ZZ 
PUNOS JeOY Iss 24 
uonesidses 

1YD pee7 wes3o}pier01399)9 :p 

(WW) eee jesaiw wo. Bulpsores 4Hy :> 

(wd) eeue Aseuowjnd wo. Buipsozes 4H :q 

"29S Z'Q Ul OWI? :e 


:SPIVMUMOP DAOGE WO. Spsor2y 


LINGVY ONNOA AHLIV3SH V 
NI SWVYSOIGUVIONOHd SNONOWHONAS ‘SO ‘Did 


SOAILA DIIIO® 
242 WOdj sesise puNnos puores 31/ds 9y3 jo JUBUOdWOD ISI DY? IeYI 
SOIeIIPU! SIY] *("99S POO ULY? sso] s! BAEM asind BY2 jo UOIssIWsUeII 
ul Aejap peiredxe) Bulses3 asjnd piz0ue> ay2 Jo YyrI0U 212049Ip 9Y2 
yuM snouosysu/s s! punos puores a1/ds ay2 jo JUQUOdWOD Isuy SY) 


PUNOS IUeBY PUODES Jo SJUBUOdWIOD OM} :7Z 
PUNOS JesY Isuyy 34 
uonesidses : 
1YD pe] wesZo1pser01399/9 :p 
Bulses2 asind poured :> 
(wd) eoue Aseuowjnd wou Bujpsores 4H :q 
‘29S ZO Ul OWA :e 


:SPJEMUMOP BAOGE WO.4} spsor9y 


LINGVY ONNOA AHLIV3IH V 
NI SWVYDSOIGUVYIONCHd SNONOUWHONAS ‘d ‘Sid 


ul3is0 uy Aseuowjnd Ajqewnsaud s1 
pue ease Aseuowjnd 9y2 uw Aju0 suvadde yuauodwod 4932] pue puores 
PYyL ‘UIZI40 U! D12U0e ‘asojosay2 ‘Ajqewnseid si! Yyo!1yM ‘eoue Aseuow 
-jnd aya ul JusUOdWwoD Isuy 942 YIM SMOUOIYIUAS Ss! SIy2 pUe ‘seule 
jeu3}W puke 2132707 9Yy2 Ul UMOYS S! puNoS pUOreS 943 Jo JUsUOdWOD 
auo Aum *(‘dSNI) UONeuidsul Bulunp esse Aseuowjnd sya wos 
Zuipsore. 942 Ul UMOYS 94k PUNOS PUES 9Yy3 JO sJUaUOdWO? OM] 
PuNOsS JIBBY PUOr—aS JO sjUsUOdWIO? OM3 :Z Z 

PUNOS JIeeBY pUoreS :Z 

PuUNosS JeeY ISU 24 

(wW) eeue jesaiw wos Buipsoves py 2 

uonesidses :p 

(wy) tee 212408 Wow BuIpsores 4p4 22 

(wd) eoue Aseuowjnd wo. Zuipsoves (Aduanbeuy y8iy) 4H :q 

"20S ZO Ul OWID ce 


:SPp4eMUMOP BAOGE WO.) Spuor2y 


LINAV ONNOA AHLIV3H V 
NI SNWVYDSOIGUYYVIONOHd SNONOWYHONAS ‘O ‘Sid 


Brit. med. Bull. 1% 





. 





PLATE V (FIGS. O—R) 


PHONOCARDIOGRAPHY 
(FIGS. O—FF) 


Aubrey Leatham 
page 333 





(continued) 


PHONOCARDIOGRAP \y 


i: SH | A 
ci vd 


= 
J 
G 
+ 
wi 
- 
< 
a! 
a 














= 
8 
$ 
S 
-) 
S 
> 
5 
= 
XS 
> 
am 
= 
< 
a4 
9 
g 
a 
~ 
< 
v 
5 
Z 
5 
= 
a 


FIGS. S—W 


PLATE VI. 


ajO3seIp 
InNoy8nosy3 senus3uo> pue ‘aBpa jeuss3s 2j9] 242 Ie IsepNo] sem 
Yr1yM ‘anwWinw I/O3seIp Ajuee ue si soy] “seoue jeszIW pUe D2U0e 
242 Y30q U! PUNOS WRIY PUOrES 9Y42 B10J9q seYsiUy ‘eoue DII10e 
242 Ul sapnoy AjayZys Ajjengoe sem yoy ‘anwanw >)03shs oY] 


Jnwanw d103seIp Ajuee 7 WOR 
Jnwunw 21j03sks :WS 
PUNOS JuRaY puoreS :Z 
PUNOS WEY Issy 4 
IYD pee] wesZo1pies0i1399/9 :p 
(WW) Boue peagiw wos Bulpores 44 : 
(wy) Bere d1340e Wosy Bulpsore4 4Hy :q 
29S ~O'D Pue ZO UI OWI? :e 
:SPUBMUMOP BAOGE WO. Spsor9y 


FINALAdWOONI GNV SISONALS SILYUOV 
NI SWVYSOIGUVIONOHd SNONOUWHONAS ‘M ‘Old 


ajorsds JnoYySnosy? sUO!eIQIA IY43ZIjs Que Q4VYyL “Kode 
2y2 38 pepsores Buises3 Aduenbozy wnipew 9y2 ul snwunw >1/03se1p 
-plW 343 d10j9q deus Bujusdo ay3 Jae ‘Des O'O JO ded e s} DudyL 
*‘poods yZiy 3e usye2 sZulpsores snouosysuAs Aq AjUO peajos oq Ue? 
spunos podnoiZ Ajasoj> asey3 yo Auep! ayy “uolesidses jo oseyd 
Asoyesjdxd 9y3 4a1v9U UsHeI SEM 3j2AD SIY2 BsNeIeq ‘kore AueUOW 
-|nd 943 3@ poseodde sey 3: usYyM ‘pepsode1 9/242 puores 9y3 U! 
4apnoj s! deus jeuziw ayy ‘e8po jeusoas 339] 42MO] 943 Ie pue xode 
242 3e deus jesziw ay2 Aq pamojjoj si UsN2 U! sIy2 pue ‘eoue Aveuow 
-|nd 943 Woy Bujpsore4 ay3 uy JusUOdWOD AseUOW Nd aB4ej AJ9A 
e Aq pamojjo) Ajazeipoww s} 3] “o8pa yeusoas 339); 49MO] pue xode 
243 3@ Paps0d94 s! puNnos puoras 943 jo JUQUOdWOD (3!340k) Jsuy OYL 


SAJRA [euZIW BYy3 jo deus Bujusdo :x 
PUNOS J4Rdy PUOdas Jo JUQUOdWOD AueUOWYNd 34 
PUNOS 34RdYy PUOES Jo JUQUOdWIOD DIIJN0k8 7 
ANWANW DOISeIP-pIW > WOW 
PUNOS Je9Yy PUoreS :Z 
PUNOS JeOY Isuy 24 
(WW) ease jeuziw wows Buipuore4 (Aduenba.y wnipew) 4p ip 
(387) e8pa jeussrs 239) 49MO] 9Y2 WO4y BUIpuore4 4H 32 
(Wd) eeue Aseuowjnd wow Bupuores 4H :q 
"29S $0'D pure ZO UI Qwa :e 
:SPARBMUMOP BAOGE W0I} Spsor9y 


sus 


Rupa 4 oO) SISONZLS “IVULIN 


Ni SNVYSOIGYVYIONOHd SNONOUWHONAS ‘N ‘Sid 


uolsueqeddy 2}wa3sks 03 3uimo 
yewsou UeY? 1938043 s! ‘QUBZUOdWOD AseUOW Nd 9Yy3 YIM UOS|UREdWOD 
dq ‘ueuodwod 213240e 343 jo Azisusqu; ayy ‘suveddesip Bula3ijds aya 
pue pedejap s! usuodwo> Aseuowjnd ay2 (‘gspyj) UoHesidsuy Bulung 
"ROU JRIIIW 9Y2 IB PUNOS PUOdeS DIQU0k BjZuUIs 942 YyY3IM AUOUYyoUAS 
su Aq umoys si AyUap! ssoyM “UaUCdWOD d12u0e 9Yy3 U! Aejop 
03 onp s! ease Aseuowjnd 942 Ul punos queey puores 943 jo Bu1331;d5 


PUNOS I4R9Yy PUODES Jo JUUOdWOD DIJO i 
PUNOS 34R8y PUOrES jo UdUCdWOD? AueUCWNd 3g 
PUNOS 31BdY PUODIS JO sjUsUOdWIO? OM} :7Z 
PUNOS JuesY PUOreS :Z 
uojeuidses 39 
1YD pee} wesZo}pues01399/9 :p 
(WW) eoue jeugiw wos Bujpuore. 4Hy 29 
(Wd) eaue Aseuowjnd wos Bulpuore4 4H :q 
*d0S ZO Ul OWI :e 
2SPABMUMOP AOGE WO.4j spsod9y 


W018 HONVYS JIGNNG 1437 
NI SNVYSOIGUVDONOHd SNONOYHONAS ‘1 ‘Old 


uonesidsau yo oseyd siy3 uy yewWsoU s! UeY? 
493e043 s} Aejop ayy ‘eoue Aueuowjnd 9y3 UI punos 34eeYy pUodes 
242 jo Bunaiyds sasnes yusuodwo> (Aueuowjnd) puores 943 jo Aejog 


PUNOS JIkBY PUODIS 9Y3 JO sJUdUOdWIOD OM} :7Z 

punos jueoy ysuy yds :4 4 
(WW) bese yeszju Wow Bulpsorde4 4H 29 
(Wd) eose Aseuowjnd wo. Zuipsore4 4H :p 
{| pee] wes01pser01399]9 29 
Zujoes3 osind snousa sejnBn{ :q 
‘29S Z'Q Ul OUI :e 

:SPARBMUMOP BAOGgE WO. ‘UOIIeIIdx=a |jNy Ul UByeI ‘spuoddy 


WIO018 HONVYE JIONNG LHOIY JALIIGWOONI 
NI SWVYSOIGUVYIONOHd SNONOYWHONAS ‘°‘S ‘Sid 





PHONOCARDIOGRAPHY Aubrey Leatham 


confirmed by its synchrony with the dicrotic notch of carotid 
pulse tracings (Plate V, fig. P). The conclusion that the 
pulmonary valve normally closes after the aortic is supported 
by other collateral evidence, such as the findings in bundle 
branch block as shown by Wolferth & Margolies in 1935 with 
carotid artery tracings and aortic kymograms, and confirmed 
by our synchronous sound recordings. The same conclusions 
had been reached by Potain without any graphic aids. The 
degree of splitting was greatly influenced by respiration: it 
was absent or slight in expiration, averaging 0.03 sec. and not 
exceeding 0.05 sec. During normal inspiration the width of 
the splitting always increased, averaging 0.05 sec., and reach- 
ing 0.08 sec. In one apparently healthy subject it reached 
0.1 sec. (Plate V, fig. Q). The increase in width on inspiration 
proved to be due to delay in the pulmonary component. 
Comparison of the relative intensities of the two components 
showed that, even in the pulmonary area, the aortic component 
was usually as great and frequently greater. Thus the term, 
pulmonary second sound, is confusing; it is more precise to 
speak of the second sound in the pulmonary area, or of its 
aortic and pulmonary components if they can be separated. 
The cause of the inspiratory splitting of the second sound was 
attributed by Potain to changes in pressure which the act of 
breathing induces in the cavities of the heart and great 
vessels. It is possible that the fall in pulmonary artery 
pressure which occurs on inspiration is responsible for delay 
in closure of the pulmonary valve. An alternative and 
perhaps more feasible explanation is that the increase in right 
ventricular filling and output during inspiration causes pro- 
longation of right ventricular systole. However, low pul- 
monary artery pressure may be a factor in the late and very 
small pulmonary component of the second sound sometimes 
found in pulmonary stenosis, as will appear later. More 
often, in severe pulmonary stenosis the pulmonary component 
of the second sound is absent (Abrahams & Wood, 1951). 
The combination of a loud pulmonary systolic murmur with 
a second sound which is single, even during inspiration, is 
almost diagnostic of pulmonary stenosis or atresia, provided 
that the patient is young and therefore splitting would 
normally be expected. 

In pulmonary hypertension the second sound in the pul- 
monary area is very loud, and splitting may be difficult to hear. 
Synchronous phonocardiograms show that the pulmonary 
component in the pulmonary area is much greater than in the 
aortic, and is even transmitted to the apex (Plate V, fig. R). 
The inability to separate the two components clinically does 
not usually cause difficulty in diagnosis, since the “ total 
second sound ”’ is so much louder in the pulmonary area than 
elsewhere. 

Obvious splitting of the second heart sound is frequent in 
bundle branch block (Wolferth & Margolies, 1935; Battro, 
Braun-Menéndez & Orias, 1936; Cossio & Yepez, 1940; Lian 
et al. 1949). Wolferth and Margolies, by relating the com- 
ponents of the second sound to the carotid incisura and to the 
onset of a basal diastolic murmur, were able even to indicate 
the side of the conduction defect in the days before the 
specific electrocardiogram had been recognized. Knowledge 
of the effects of respiration on the pulmonary component of 
the second sound has often permitted us to make a clinical 
diagnosis of bundle branch block and predict the side of the 
lesion. In right bundle branch block the physiological delay 
in the pulmonary component of the second sound is greater 
than normal and is further increased during inspiration, thus 


making the splitting in the pulmonary area more obvicus, 
With partial right block the splitting of the second sound in 
the pulmonary area at the height of inspiration may be no 
wider than with normal conduction; but in expiration the 
splitting in right block remains wide (Plate VI, fig. S), whereas 
with normal conduction it would be slight in this phase of 
respiration. In left bundle branch block the normal orde: of 
valve closure is reversed. Delay in the aortic component 
places it later than the pulmonary component and causes 
splitting of the second sound in the pulmonary area, but ‘his 
will be decreased during inspiration and increased du 
expiration (Plate VI, fig. T), since the pulmonary compo: 
continues to obey the same law. Decrease in width 
splitting in left bundle branch block during inspiration mu 
not be confused with decrease in intensity of both compon 
when inspiration separates the heart from the chest wall. 


4. Heart Sounds in Mitral Valve Disease 


In mitral stenosis the first sound is loud but there may be 
accentuation of almost similar degree from other causes, such 
as a short P-R interval (Margolies & Wolferth, 1935) and 
thyrotoxicosis, especially in individuals with a thin chest wall. 
Graphic methods of determining loudness have not yet 
helped in this problem. Delay in onset of the first sound in 
relation to the electrocardiogram has been described (Cossio 
& Berconsky, 1943) but it needs a graphic recording for 
recognition. 

** Reduplication of the second sound ” has been recognized, 
since the time of Bouillaud (1841) and Duroziez (1862), to be 
a useful physical sign of mitral stenosis. That the second of 
these two sounds had nothing to do with aortic or pulmonary 
valve closure was appreciated later in that century by 
Guttmann (1869), Sansom-(1881), and Potain (1894), and the 
term “claquement d’overture de la mitrale’’, or opening 
snap, was introduced. The precise differentiation of this 
sound from the second and third heart sounds, and determina- 
tion of its synchrony with the expected time of opening of the 
mitral valve, was achieved by Margolies & Wolferth (1932) 
by means of graphic records, but there is still confusion of 
thought about the identification and significance of these 
sounds, since they all occur within an interval of one-fifth of a 
second. Synchronous sound recordings from the apex, lower 
left sternal edge, and pulmonary area can elucidate ‘his 
problem. It cannot be too strongly emphasized thai i 
uncomplicated mitral valve disease the second heart sou: 
normal. In the pulmonary area it may split on inspir: 
into an aortic and a later pulmonary component as in he 
If the mitral disease is complicated by pulmonary hyperie 
sion, the pulmonary component is accentuated and 
splitting more difficult to hear. The opening snap of 
mitral valve occurs soon after the single or split second so 
(about 0.1 sec. or less after its aortic component). 
mitral snap, specific to mitral stenosis, is usually lo: 
internal to the apex and at the lower end of the sternum 
when very loud may be well conducted to the mitral, 
monary and aortic areas. It is high pitched, often loud. ar 
resembles the second sound in quality. The mitral snc» i 
maximal in expiration and its timing is not affecte: 
inspiration when splitting of the second sound is grea‘ 
However, the only certain method of distinguishing the m.: 
snap from the pulmonary component of the second sou 
to hear and record all three sounds (Plate VI, fig. U). ‘ 
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two “second sounds ” can be heard in mitral valve disease, 
but in the pulmonary area during inspiration the first of the 
pair splits into aortic and pulmonary components and the 
latcr sound is the mitral snap. The third heart sound (Plate 
Vii. fig. BB) is later still in diastole and has an entirely 
different quality; it is longer, lower pitched, usually confined 
to the apex and, if present, initiates the mid-diastolic murmur. 
Orias & Braun-Menéndez (1939) used jugular pulse tracings to 
differentiate these sounds since the second sound tends to 
fall on the ascending limb of the v wave, the mitral snap at 
its »eak, and the third heart sound on its descending limb. 
However, the jugular pulse tracing consists of large rounded 
waves so that exact timing is difficult and it could not identify 
closely grouped sounds as shown in Plate VI, fig. U; in any 
cas. it only gives information about the timing of events on 
the right side of the heart and therefore only about the pul- 
ary component of the second sound. Synchronous 
d recordings from the pulmonary area, lower left sternal 
. and apex may show splitting of the second sound, the 
il snap, and the third heart sound respectively. The 
r is so low in frequency that a low frequency recording 
be needed to show it clearly (Plate VII, fig. BB). 


5. Heart Murmurs 


he poor sensitivity of the human ear to the lower fre- 
quencies makes it easy for the phonocardiograph to record 
the jow-pitched heart sounds better than they can be heard. 
Conversely, the extreme sensitivity of the ear to the high- 
pitched murmurs has made it difficult for the phonocardio- 
graph to better or even equal the ear of an experienced 
auscultator. Recent improvements in technique now make this 
possible, though only with very good apparatus under perfect 
conditions which must include a patient free of noise from 
unrelaxed muscles, since the microphone, unlike the ear, has 
no property of selection. 

The phonocardiograph has been of considerable practical 
use in determining the relation of sounds to murmurs. It has 
been found that some murmurs have a shape and relation to 
the heart sounds which are different from others. Once shown 
by the phonocardiograph these differences can usually be 
recognized by the ear. 


a. Systolic Murmurs 


Improvements in methods of diagnosis are leading to the 
view that there is always a cause for isolated systolic murmurs 
of moderate loudness (more than grade two in the six-grade 
classification of Freeman & Levine (1933)), if fairly constant 
from time to time, and not specially related to one phase of 
respiration. Such murmurs may indicate a slight valvular 
lesion or, if loudest in the pulmonary area, increased blood 
flow through the pulmonary artery. Increased blood flow 
through the aorta does not seem to cause a similar murmur 
unless there is some slight organic change in the valve or 
vessel as in aortic sclerosis. Even the valvular systolic 
murmurs may indicate a lesion so slight that it will not cause 
cardiac enlargement or failure, though it is still a possible site 
for bacterial endocarditis. These murmurs, though relatively 
innocent, might be more aptly described as benign. Their 
significance can be assessed only when the patient’s exercise 
tolerance and all other physical signs are taken into account, 
anc there may even be great difficulty in deciding which valve 


is concerned, until the patient has been followed up for many 
years. Loud systolic murmurs are generally recognized to be 
significant but their origin is occasionally difficult to decide, 
particularly when it is known that an aortic systolic murmur 
is well transmitted to the apex and may simulate a mitral 
systolic murmur. Both aortic stenosis and mitral incom- 
petence cause left ventricular enlargement, and differentiation 
by the pulse and by other signs may occasionally be difficult. 
The diagnosis of the valve affected under these circumstances, 
and when the lesion is too slight to cause signs other than a 
moderate systolic murmur, may be made from the shape of 
the systolic murmur and its relation to the sounds, as shown 
by phonocardiography. 

The systolic murmur. in aortic stenosis begins shortly after 
the first sound, rises to a maximum in mid-systole, and then 
diminishes rapidly, finishing before the second sound 
(Alzamora-Castro, Rubio Watkins & Battilana, 1947 ; 
Leatham, 1951). All systolic murmurs arising from the 
aortic valve or nearby, and from coarctation of the aorta, are 
of this shape, and exactly the same murmur is transmitted to 
the apex (Plate VI, fig. W). 

Pulmonary systolic murmurs would be expected to be 
similar, and this is true for murmurs due to increased blood 
flow as in atrial septal defect, anaemia, thyrotoxicosis and 
pregnancy; it is the same in mild pulmonary stenosis. In 
most patients with pulmonary stenosis one finds that the 
systolic murmur continues up to the second heart sound 
(Plate VII, fig. Y), and sometimes beyond (Plate VII, fig. Z). 
Synchronous recordings from the apex and pulmonary area 
show that this second sound is aortic in origin; this sound is 
surprisingly prominent in the pulmonary area in many cases 
of Fallot’s tetralogy, owing presumably to the alteration in 
position of the aorta. In severe pulmonary stenosis the pul- 
monary component of the second sound is absent, but in a few 
patients a very faint and late pulmonary component can be 
recorded (Plate VII, fig. AA). The systolic murmur has 
continued beyond the aortic component because of pro- 
longation of the ejection phase of the right ventricle. But 
this systolic murmur finishes before the delayed pulmonary 
component, when present, thus maintaining the same rela- 
tionship to its second sound as the aortic systolic murmur 
does to its second sound. 

In mitral incompetence, pure or with mitral stenosis, graphic 
records confirm the classical view that the systolic murmur is 
long (pansystolic). It starts immediately after the first sound 
and fills systole, continuing right up to the second sound (Plate 
VII, fig. BB), or, when this is split, up to its aortic component. 
When the murmur is loud, its continuation to the second 
sound can be appreciated by clinical auscultation exactly at 
the apex, because the second sound—easily heard elsewhere— 
is drowned by the murmur in this area. In fact, absence of 
the second sound at the apex 1s a sign of mitral incompetence 
rather than of aortic stenosis. This rule does not hold for 
gross aortic stenosis and incompetence with a loud “ to and 
fro”’ murmur. In mitral incompetence the long systolic 
murmur often has a crescendo in late systole (Plate VII, 
fig. BB), and may even appear to be confined to late systole on 
auscultation, although there are early initial vibrations on the 
phonocardiogram. This striking difference in shape between 
aortic and mitral murmurs is of practical value in distin- 
guishing aortic stenosis from mitral incompetence when, as 
occasionally happens, the differentiation on other grounds is 
difficult; more frequently it is of value in deciding the source 
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of an apical systolic murmur in patients with multiple valvular 
disease. 

In ventricular septal defect the systolic murmur is long but 
may be diminishing before the second sound, which is split 
normally (Plate VIII, fig. CC). The murmur reaches the 
aortic component of the second sound but stops before the 
pulmonary component. 


b. Diastolic Murmurs 


The murmurs of aortic and pulmonary incompetence start 
immediately after the second heart sound (Plate VI, fig. W) 
and consist of the higher frequencies, to which the ear is 
most sensitive and for which it cannot easily be surpassed by 
the phonocardiograph. Good apparatus can, however, pick 
up the faintest murmur that can be heard by a practised 
auscultator. Phonocardiograms confirm the early start of 
these murmurs and show that frequently the maximum 
intensity is not reached until about 0.1 sec. after the second 
sound (Wells, Rappaport & Sprague, 1949). Occasionally 
the bulk of the murmur of aortic incompetence may be 
delayed even further (Plate VIII, fig. DD), so that it might be 
confused with a mitral diastolic murmur if it were not for its 
different site and pitch. In slight aortic incompetence the 
diastolic murmur may be short and very faint (Plate VIII, 
fig. EE). To record this murmur it may be necessary to 
reduce the intensity of the relatively loud sounds and systolic 
murmur by means of the electronic voltage limitation device, 
which does not interfere with the frequency response. The 
amplification can then be greatly increased to show the faint 
murmur more clearly (Plate VIII, fig. EE). Usually the 
murmur is long and it may occupy the whole of diastole 
(Plate VI, fig. W/). This may produce difficulty in differentiat- 
ing unwanted base-line disturbance from the murmur. 
Fortunately the clarity or otherwise of the base-line can be 
seen at the end of systole when aortic systolic murmurs (or 
pulmonary systolic murmurs in the absence of stenosis) have 
finished. If there is an additional long mitral systolic murmur, 
the difficulty may be insurmountable unless the murmur 
finishes before the end of diastole. This combination of a 
long, intense systolic murmur from mitral incompetence, 
with an early diastolic murmur of very low intensity, is not 
infrequently recorded when inaudible on preliminary auscul- 
tation and later heard only with very great difficulty; perhaps 
the ear is “ deafened”’ by the loud systolic murmur. In 
mitral stenosis the auricular systolic (presystolic) murmur 
may be the most obvious sign. Yet this is occasionally a 
misleading sign, for it may be closely mimicked by physio- 
logical splitting of the first sound. The auricular systolic 
murmur is almost invariably accompanied by the characteristic 
low-pitched diastolic murmur of mitral stenosis that was de- 
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scribed in 1835 by Williams; and this is by far the more 
portant sign of mitral stenosis (Evans, 1948). This mur 4 
is conveniently described as mid-diastolic, referring to 
filling of mid-diastole by the murmur and not to its s 
which is usually about 0.15 sec. after the second soin 
It may be initiated by the third sound though this is like! 
be absent if the stenosis is severe and pure; its ons 
separated from the opening snap by a short gap (Plate 
fig. U). . 
c. Continuous Murmurs 

Murmurs caused by shunts are continuous if both 
systolic and diastolic pressures on one side of the shunt ire 
higher than on the other side. These conditions are foun: in 
patent ductus arteriosus, or aorto-pulmonary fistula, in ‘he 
absence of pulmonary hypertension. Occasionally his 
murmur is confused with a loud aortic or pulmonary syst lic 
and diastolic murmur. A phonocardiogram will show that 
the murmur due to the shunt is maximal around the secind 
heart sound, especially at the end of systole (Plate VIII, 
fig. FF); at this point the sysi sic murmur of aortic or 
pulmonary incompetence and of aortic stenosis would have 
ended. 


6. Conclusions 


The principles, apparatus and technique of phonocardio- 
graphy have been discussed, and examples given of the ways 
in which phonocardiography can improve the accuracy of 
clinical auscultation. Heart sounds may be identified by 
means of synchronous phonocardiograms from different 
areas: this technique has been applied to the elucidation of 
splitting of the second heart sound in health and in bundle 
branch block, and t6 an analysis of the heart sounds in mitral 
stenosis. Heart murmurs may be identified by showing their 
relation to the heart sounds, and this is of value in differen- 
tiating between aortic and mitral systolic murmurs. 

There are other practical uses for phonocardiography. 
It is of considerable value in teaching, since knowledge of the 
graphic relations and forms of heart sounds and murmurs 
facilitates interpretation by the ear. Recent improvements 
permit phonocardiography, under the best conditions, to be 
used for confirming the presence of very faint murmurs, but 
this requires great care and very good conditions. 
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1. Historical Aspects 


The prevention of disease is the ultimate practical result of 
aetiological inquiry. Theoretically rheumatic heart disease 
could be prevented in two ways, either by eliminating rheu- 
matic fever or by eliminating the scarring process which follows 
the acute cardiac inflammation. It is interesting to note that, 
while rheumatic fever has been well recognized since the days 
of Ballonius (Guillaume de Baillou, 1538-1616) and of 
Sydenham (1624-89), its connexion with rheumatic heart 
disease, which we now regard as its most important sequel, 
remained unrecognized until 164 years ago when David 
Pitcairn (fig. 1), in his lectures to students at St Bartholomew’s 
Hospital in London, began to stress that the heart was affected 
in patients with acute rheumatism. The following year (1789) 
Edward Jenner, in an address to the Gloucestershire Medical 
Society at the Fleece Inn, Rodborough, independently came to 
the same conclusion. Unfortunately, however, both these 
observations exist only as recorded by their friends and 
colleagues; in particular, by Matthew Baillie in 1797 in the 
second edition of his celebrated Morbid anatomy. The 
association was soon confirmed, and, with the invention of the 
stethoscope by Laennec in 1816, the diagnosis of heart disease 
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in the living made possible the realization that rheumatic heart 
disease was not a rare but a common sequel to rheumatic 
fever (Bouillaud, 1836). 

Since that time, rheumatic fever, from being one of the 
scourges of childhood and early. adult life in all the cities of 
civilization, has declined until it is a comparative rarity: the 
incidence of rheymatic heart disease, however, has not 
declined equally. Whereas the mortality from rheumatic fever 
(fig. 2) has fallen in the course of ten years from 1,000 deaths 
per annum in 1938 in England and Wales, at all ages, to 500 
deaths per annum in 1948, that of chronic valvular disease has 
decreased in the same period from 17,500 to 13,000 (a fall of 
roughly 25%). It is obvious that a decrease in the severity of 
rheumatic fever should produce a delayed decline in the 
incidence of chronic valvular disease if these two are, as we 
believe, related. However, the decline in chronic valvular 
disease may not be on the same scale; for the proportion 
of patients with rheumatic heart disease, who can give no 
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FIG. 2. ACTUAL DEATHS AT ALL AGES, 1938-48, 
ENGLAND AND WALES, FROM CHRONIC VALVU- 
LAR DISEASE AND RHEU MATIC FEVER 
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From 1938 to 1948, mortality from rheumatic fever fell by about 
50°, and that from chronic valvular disease by 25%. (Deaths from 
chronic valvular disease are approximately one-tenth of the total 
deaths from all types of heart disease.) 


history of preceding rheumatic fever, might possibly increase. 
At present between 46% and 66% of adults with rheumatic 
heart disease do not give a history of previous rheumatic fever 
(Bachman, 1950; Fitzgerald et al. 1951; Selzer, Harrison & 
Daniloff, 1951; Kaufman & Poliakoff, 1950). Like the fall in 
mortality, the decline in morbidity of rheumatic fever is 
probably a reflection of the decrease in severity of the disease 
in the last generation, to which all clinical observers have 
borne witness, but it is possible that the actual incidence of the 
disease may have fallen less dramatically: to some extent this 
depends upon the criteria for diagnosis. After a Group A 
B-haemolytic streptococcal sore throat, a few patients exhibit 
transient electrocardiographic changes which bear witness to 
some heart disturbance, although clinical evidence for the 
diagnosis of rheumatic fever is lacking. Do such subclinical 
attacks lead to valvular disease in after years? 

Certain pathologists, judging by histological criteria, would 
have us believe, on the basis of autopsy findings, that 90% 
of the population have had rheumatic fever (Hall & Anderson, 
1943). The incidence of chronic valvular disease, however, 
in post-mortem series, as judged by grossly recognizable 
change in the valves, is only about 6% according to our own 
series at Hammersmith Hospital, London (1,000 cases), and 
various other series reported in the literature. Since we are 
primarily concerned with the aetiology of clinical heart 
disease, we should consider chiefly those cases in which 
valvular deformity interferes with cardiac function, including 
cases with a decreased margin of reserve in addition to those 
who develop heart failure. 
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Thus, in considering aetiological factors in rheumatic h 
disease, we are concerned with: 


i. aetiological factors producing and conducing 
rheumatic fever; 

ii. factors in a particular patient with rheumatic fever w 
conduce to localization of the inflammatory proces. j 
the heart and particularly in the valves; 

iii. factors which lead to fibrosis and distortion of 
valves following subsidence of the inflammation. 


Rheumatic heart disease is the result of all these three sta :¢ 
and interference with the pathological processes produ: 
the final picture of cardiac invalidism could be undertake 
any of the three stages. 


2. Aetiological Factors in Rheumatic Fever 


The cause of rheumatic fever is not known; it is thous 
to be connected in some way with Group A 8-haemo! 
streptococcal infection but dependent also upon several ot/ie 
factors. 


a. Age and Sex 


A peculiarity of rheumatic fever is that it attacks pre- 
dominantly children. The mean age for the first attack is 
eight years, which is about the time the titre of antistrepto- 
coccal antibody in the serum reaches the adult level (Quinn, 
1949). The second attack occurs, on the average, about one 
year later. Rheumatic fever may, however, occur at any age 
from three to seventy. A case at fifteen months of age has 
been recorded and ‘confirmed at autopsy (Wilson, 1940). It 
has been suggested that the rarity of the disease during the 
first few years of life is related to the feeble antibody produc- 
tion of those years (Rantz, Maroney & Di Caprio, 1951) as 
well as to the more limited opportunities of the pre-school 
child for developing streptococcal infection. Apart from 
chorea there is no difference in the sex incidence. In both 
sexes the incidence declines markedly after puberty; it does 
not seem that this decrease is necessarily dependent upon 
hormonal causes, since, when overcrowding occurs, there is a 
very high incidence of rheumatic fever in populations aged 
17-21 segregated, for example, in combatant training centres. 
Nor should it be forgotten that rheumatic fever can occur for 
the first time in the elderly, often being unnoticed clinically 
(Rogers & Robbins, 1947). 


b. Geographical and Seasonal Factors 


The well-known seasonal increase in rheumatic fever occurs 
in the later winter and spring months in Great Britain, as a!so 
do the peaks of the ordinary streptococcal infections—ton:il- 
litis, scarlet fever and erysipelas. This is probably due to ‘he 
easier spread of upper respiratory infections during the col.'er 
and wetter months of the year, with the greater confinem 
and crowding, and less ventilation, which scarcity of fuel 
always meant amongst the social classes primarily affected »y 
this disease. Possibly the geographical variation may be «' 
to similar factors, although in a small country like G: 
Britain, where the climatic range is not very great, this is m: 
difficult to demonstrate than in larger areas such as ‘! 
United States of America (Mills, 1939). Even in Brita'n, 
however, there is a suggestion that the more northerly toy 
have a higher mortality from this disease (Knowelden, 194°) 
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FIG. 3. MORTALITY FROM HEART DISEASE FOR AGES 
15-25 (1930-32) PER 100,000 LIVING (Data from Morris & 
Titmuss, 1942) . 


SS 
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c. Social Aspects 


Co) 


The evidence is indisputable that rheumatic fever has been 
closely associated with poverty. It is, as Robert Hutchison 
said in 1922, ** essentially a working-class disease ’’ (Hutchison, 
1922). Thus the highest mortality from rheumatic heart 
disease occurs in Britain in the five main industrial areas: on 
the Tyne, in Lancashire, South Wales, the Midlands and 
London (Morris & Titmuss, 1942). Figure 3 shows the 12 
major social and economic regions into which England and 
Wales were divided by the Registrar-General in 1931; the 
numerals give the mortality from heart disease for the group 
aged 15-25, per 100,000 living. The rejection rate for 
recruits due to valvular disease of the heart was eleven times 
greater for those from the industrial city of Cardiff than from 
the nearby rural area of Carmarthen (Miller, 1926). As 
Morris and Titmuss have shown, there is a direct correlation 
between the death-rate from rheumatic heart disease in the 
towns of England and Wales and the proportion of the in- 
habitants therein who are in the two lowest social grades 
(Table 1). The social grades correspond to the classifica- 
tion of the Registrar-General : I, the upper professional and 
managerial strata ; II, the professions, lesser employers and 
managers; III, the skilled and black-coated workers; IV, 
semi-skilled, including agricultural, workers; V, unskilled 
labourers. An analysis of the mortality of these occupa- 
tional groups shows similar results (Table II). 

It is difficult to analyze further the factors in poverty which 
make for a high death-rate. Daniel (1942) has analyzed the 
figures for rheumatic fever in Bristol (Perry & Roberts, 1937) 
with reference to overcrowding and to a low net family income 
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TABLE i. MORTALITY FROM HEART DISEASE AT 5-25 
YEARS: INFLUENCE OF SOCIAL STATUS * 





England and Wales 
a boroughs Death-rate from 

1929-33 Number of towns | heart disease at 5-25 

(percentages of population years/ 100,000 living 


in social classes IV, V)t 





Rich towns (less than 28%) 

Less rich towns (28-33%) 

Medium towns (33-38% 

Poor towns (38-43%) ‘ 

Poorest towns (more than 
43%) 








* Data from Morris & Titmuss (1942) 
t For explanation of social classes, see text 


(excluding fares, rent and rates). Both seem to be important 
contributing factors, the former perhaps because it conduces 
to increased streptococcal infection. Unfortunately there are 
no figures available to my knowledge on the distribution of 
streptococci or of streptococcal antibody in different social 
classes. There is little evidence that nutrition is an important 
factor in the genesis of rheumatic fever, despite claims to the 
contrary (Coburn, 1945; Glazebrook & Thomson, 1942). 


d. Genetic Factors 


Children whose parents have suffered from rheumatic fever 
are more prone than others to develop the disease. Wilson 
believes this indicates a single autosomal recessive gene with 
a penetrance of 86% (Wilson & Lubschez, 1944). Certainly 
such families as the one recorded in 1943 by Dr William 
Pickles from his Yorkshire practice, with 23 out of 53 descen- 
dants affected, provide evidence for the occasional occurrence 
of a transmitted type of susceptibility: particularly since the 
family was prosperous, well housed, well fed, and no spouse 
was affected (Pickles, 1943). There is some evidence also 
of a genetic factor from the study of identical twins (Kaufmann 
& Scheerer, 1938), but the figures do not approach those 
required by Wilson’s hypothesis and it is always difficult to 
dissociate the effect of the family genes from the effect of the 
family environment. 


e. Infection 


The various aetiological factors discussed above—age, 
overcrowding, climatic, seasonal and genetic factors—do not 


TABLE Il. THE SOCIAL INCIDENCE OF RHEUMATIC 
HEART DISEASE * 


(Expressed as percentage of the rate for all males, which is 
taken as 100) 


Mortality from valvular disease in males aged 20-45 years 


1910-12 1921-23 1930-32 


Social classt (%) 
/0 





\, Il 
il 
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* Data from Morris & Titmuss (1942) 
+ For explanation of social classes, see text 
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seem to be more than secondary factors and are probably best 
considered as modifying the effects or the frequency of 
Group A $-haemolytic streptococcal infection. Owing largely 
to Coburn and io Swift, a great deal of bacteriological evidence 
has accumulated in favour of the Group A §-haemolytic 
streptococcus, and no other bacterium or virus has been 
implicated; it is now accepted by most authorities that the 
streptococcus (although not directly responsible for the 
manifestations in the sense of being present locally) produces 
its effects during the process of immunization. Most, if not 
all, initial attacks of rheumatic fever are preceded by an upper 
respiratory Group A 8-haemolytic streptococcal infection, 
which is reflected in the antibody rise occurring a week later. 
There is, however, nothing specific about this antibody rise in 
rheumatic fever compared with similar infections not develop- 
ing rheumatic fever, although, as a whole, the rise is slightly 
higher and lasts slightly longer (Coburn & Pauli, 1939; Rantz, 
Randall & Rantz, 1948). It was hoped with the definition of 
streptococcal types by Griffith (1926, 1927, 1935) in Great 
Britain and by Lancefield (1933) in the USA that there would 
be discovered some relationship between type specific anti- 
genicity and the occurrence of rheumatic fever, but no 
particular type has been found responsible, one type causing 
rheumatic fever in one child but not in another. A child who 
has had rheumatic fever is four times more susceptible to 
further attacks than one who has not (Paul, 1943), but these 
do not occur with each subsequent streptococcal infection. 
Thus rheumatic fever seems to be the result of a specific host- 
organism relationship which is probably conditioned by the 
previous streptococcal experience of the individual and may, 
therefore, change as a result of infection. The experimental 
production of carditis by Murphy & Swift (1949, 1950), if 
relevant, leads to a similar conclusion. 

If streptococcal infection could be eliminated, we believe 
rheumatic fever and rheumatic heart disease would dis- 
appear, but sulphonamide and penicillin prophylaxis has its 
danger and is, on any large scale, only partially and probably 
temporarily successful. It is really applicable only to suscep- 
tible subjects, and evidence is accumulating that subsequent 
attacks may be prevented by routine administration of peni- 
cillin or aborted by prompt penicillin treatment of sore throats 
(Massell, Dow & Duckett Jones, 1948; Denny et al. 1950). 


3. Localization of the Inflammatory Process in the Heart 


After contracting a streptococcal infection and having 
developed rheumatic fever, not every patient develops a car- 
ditis that is detectable by clinical or electrocardiographic 
means. This small group which escapes overt carditis also does 
better in the long run, in that a smaller proportion develop 
clinical signs of chronic valvular disease. Thus Bland & 
Duckett Jones (1951) found, in their 20-year follow-up of 
1,000 patients, that of those with rheumatic heart disease one 
year after first coming under observation, only 16% were 
subsequently free from rheumatic heart disease; in contrast 
56% of the group who had no evidence of rheumatic heart 
disease one year after first coming under observation were 
subsequently free—findings similar to those of Kuttner & 
Markowitz (1948) and of Boone & Levine (1938). What is it 
then that determines in a certain child with'rheumatic fever 
whether the heart will be affected? And further, what is it 
that makes the heart so peculiarly liable to attack? These 


questions cannot yet be answered, but it is perhaps wort 
remembering that the valve rings are always in motion as ar 
the joints, bursae and tendon sheaths—also predominant! 
affected in rheumatic fever. It has been thought that mechan 
cal injury due to movement might be responsible for localiz: 
tion; thus Mote, Massell & Duckett Jones (1937) hay 
induced nodular granulomata in patients with active rheu 
matic fever by injecting blood over the olecranon process an 
rubbing the site. Although rheumatic fever has been reporte 
within 4 to 96 hours of trauma (Sangster, 1940) an 
sometimes in a traumatized joint (Glazebrook & Thomso: 
1941), this does not occur in more than 10% of cases even i 
a group where “ injuries were very common ”’. It seems mo: 
probable that tissues specifically differentiated for the purpo: 
of movement contain substances important for the genesis « 
this condition, such as, for instance, the polysaccharide 
present in the ground substance in and around the collageno 
fibres. The reconstitution of polysaccharide following enz; 
mic break-down in vivo is delayed in active rheumatic feve: 
compared with the nearly normal reconstitution time i: 
convalescent patients (Table III), but whether this occurs i 


TABLE Ill. RECONSTITUTION OF SKIN BARRIER TO 
SPREAD AFTER HYALURONIDASE 





Reconstitution time (hours) 





Group tested 
36 42 | 48 54 








Normal children . 

Normal adults 

Active rheumatic fever 

Convalescent rheumatic 
fever ; 5 

Active Still’s disease 

Inactive Still’s disease 

Adult rheumatoid 
arthritis 

Tuberculosis 


























tissues other than the skin is not known (Bywaters, Ho!- 
borow & Keech, 1951). The connective tissue of the valvula: 
ring is known to contain polysaccharides (Meyer & Rapport, 
1951) as also do the synovial spaces and bursae. One of the 
polysaccharides (hyaluronic acid) in the latter sites is identic’: 
with the capsular polysaccharide of streptococci but it has 1 
proved possible so far to render this substance antigen 
(Humphrey, 1943). A plant polysaccharide norma 
non-antigenic can be made antigenic by incubating it w 
streptococcal vaccine (Glynn & Holborow, 1952). Ti 
gives rise to interesting speculation on the possibilities of 
auto-antibody reaction similar to the phenomenon of revers 
passive anaphylaxis as described by Kay (1940), who fou 
that a substance may localize after injection in a certain org 
and subsequently antibodies develop towards it with a fix: 
tissue reaction occurring at the site of antigen-antibody univ 
Localization may depend on many and various factors: < 
interesting analogy is the apparent localization of po! 
myelitis paresis in limbs which have been strenuously used 
the incubation period (Ritchie Russell, 1949), but we have no: 
so far been able to make any similar observations in rheuma‘ © 
fever. 
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4. Fibrosis and Scarring 


Fibrosis or scarring follows any inflammatory reaction and is 
proportional to the amount and duration of the granulation 
tissue formed. There are, in addition, individual factors in 

ar formation, such as those determining keloid formation 
ry abdominal adhesions as an exaggeration of the normal 
response, but these are not known to operate in rheumatic 

ver. We have seen a patient bearing a keloid who had long- 
inding erythema circinatum but without valve lesions. 

Certainly, in rheumatic fever, it seems generally agreed that 

the degree of disability and ultimate longevity are influenced 

the frequency, duration and severity of recurrences. The 
st is by far the most significant factor ’”’ (Bland & Duckett 
nes, 1951). The large proportion (50-60%) of adult 
tients with rheumatic heart disease who can give no history 
rheumatic fever has been cited as indicating the lack of 
rrelation with severity, since it is argued that if an attack 

severe it will be noticed and remembered. Brown (1943) 

s attempted to deny the relation between multiplicity of 

tacks and ultimate development of rheumatic heart disease. 

1 analysis of his figures, however, shows a significant 

ference (P = < 0.002) in the incidence of valvular disease at 
‘ollow-up between those who have suffered single and multiple 

ttacks. Willius (1927), however, found no relation between 
¢ number of recurrences and the age at death. Scarring in 

e rare residual joint lesions of rheumatic fever and in the 
jxta-articular nodular tissue is always dependent upon the 
severity and duration of the acute attacks. The ulnar devia- 
tion and contractures seen in Jaccoud’s syndrome (Bywaters, 
1950) occur only in rheumatic fever patients who have 
suffered recurrent and prolonged disability of joints: the 
histology is consistent with scar formation, and the contrac- 
tures occur gradually, following the acute attack. 

Mitral stenosis is perhaps the most important single lesion 
of chronic rheumatic heart disease: it seldom becomes evident 
until two years or more after the initial acute attack. As 
elsewhere in the body, the scar tissue takes a considerable time 
to contract and, if it were not a circular scar (like that producing 
pyloric stenosis or urethral or oesophageal stricture), its 
mechanical effects would be minimal. Are we correct in 
assuming that scar tissue invariably contracts? In operation 
scars of the abdomen with some distension, in scarring of the 
myocardium or of aortic aneurysm, expansion is the rule. 
Scar tissue is characterized by its loss of elasticity and its 
adoption of a fixed length determined by habitual attitude. 
Habitual fast or slow pulse during the years following 
rheumatic fever might possibly be an additional factor, by 
increasing or decreasing the mean relative duration of systole, 
in determining the subsequent degree of contracture of the 
mitral ring. 

Another possible line has been opened up with the dis- 
covery of the anti-inflammatory action of cortisone. If 
cortisone inhibits or decreases the formation of granulation 
tissue and the response of inflammation, and if scarring is 
dependent on the amount of such tissue formed, it seems 
possible that adequate early and prolonged treatment with 
this hormone might prevent subsequent rheumatic heart 
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disease. A large-scale trial of this is at present in operation 
both in Great Britain (sponsored by the Medical Research 
Council) and in the USA, but results will not be available for 
several years. 

Magarey (1951) has recently brought forward another 
theory to explain the progressive sclerosis and thickening of 
the valve—originally described by Rokitansky one hundred 
years ago (Rokitansky, 1852). The small tags floating from 
the endocardium (Lambl’s excrescences) and found in 7% 
of all post-mortem examinations in the mitral valve area 
(Magarey, 1949) are found in 70% of rheumatic cases: fibrin is 
deposited on the surface and covered with endothelium. 
Others have postulated the deposition of platelet thrombi 
(Bland & Duckett Jones, 1951) to which the high heparin toler- 
ance found in the active stages of rheumatic fever may be re- 
levant (Abrahams, Glynn & Loewi, 1951). While such a surface 
accretion must account for the actual verrucae, and probably 
also for the adhesions between aortic cusps (Coombs, 1924), 
interstitial sclerosis seems to the present writer the more likely 
to account for mitral deformities, particularly in view of the 
recent demonstration by Kuschner et al. (1952) of active 
inflammation and Aschoff nodes in the left atrial appen- 
dage of what seemed—both clinically and by sedimentation 
rate—to be inactive cases. It seems probable that inflam- 
matory changes in the heart may continue for some con- 
siderable time after all clinical and laboratory evidence of 
activity has subsided; the progressive scarring taking place 
over years without any fresh overt attacks might then be 
regarded (as it was by Bland & Duckett Jones in 1939) as a 
response to a continued low-grade inflammation, which we are 
at present unable to detect by clinical means. If this is true, 
the problem of prophylaxis becomes more complicated, even if 
we had in our possession a drug capable of suppressing the 
inflammatory reaction. 


5. Conclusions 


The pathogenesis of chronic rheumatic valvular deformities 
has been reviewed under three main headings: 


i. factors responsible for the development of rheumatic 
fever after an ordinary Group A {-haemolytic strepto- 
coccal sore throat; 

ii. factors responsible for the localization of the rheumatic 
lesions in the valve rings and interstitial connective 
tissue ; 

. factors responsible for the progressive scarring and con- 
tractures which follow the acute inflammation. 


It is concluded that the prevention of chronic valvular 
disease could be envisaged at any of these three levels, but at 
present the only practical possibility is the prevention of 
streptococcal infection by drugs or antibiotics, and by con- 
tinuing the social betterment programme that has probably 
been responsible for the very marked decrease of rheumatic 
fever during the present century. Further information on the 
action of *‘ suppressive ’”’ hormones may become available in 
a few years’ time. 
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The normal pulmonary artery blood pressure averages about 
22/8 mm. Hg, when measured above a point believed to 
represent the centre of the right atrium, and ranges between 
about 15 and 25 for the systolic level and between about 6 and 
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10 for the diastolic. These figures are approximately 5 mm 
Hg higher than those obtained when pressures are measure 
with reference to the sternal angle. The mean pulmonar 
artery pressure averages 13 mm. Hg (Cournand, 1950). 

If a cardiac catheter is introduced as far as it will go dow: 
one of the branches of the pulmonary artery, it can be made t: 
block the vessel completely. A pressure tracing obtained i 
this way is venous in form, and represents the pulmonar: 
venous pressure (Lagerl6f & Werk6, 1949). The pui 
monary capillary pressure so obtained measures about 5 mn 
Hg in normal subjects, or about zero with reference to th 
sternal angle. This is very slightly higher than the left atria 
pressure measured by means of a catheter introduced throug 
a functionless patent foramen ovale. There is thus a relativel 
small pressure gradient between pulmonary artery and le! 
atrium. The right ventricular systolic pressure is the same a 
the pulmonary artery systolic pressure. The right ventricular 
diastolic pressure is around zero at the end of diastole, and a 
little below this at the beginning of diastole. 


1. Factors Influencing Pulmonary Artery Pressure 


The pulmonary blood pressure is known to be influenced by 
at least five agents: (a) the total cross-section of the pulmonary 
vascular bed; (b) the pulmonary blood flow; (c) the alveolar 
oxygen tension; (d) the left atrial pressure; and (e) certain 
drugs. 


a. Pulmonary Vascular Bed 


Experimentally, two-thirds of the pulmonary circulation 
must be occluded before the pulmonary blood pressure rises. 
This is confirmed practically by the fact that the blood 
pressure does not rise after pneumonectomy when the main 
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right or left branch is ligated; again, massive pulmonary 
embolism does not throw any strain on the right ventricle 
unless at least two-thirds of the main pulmonary artery or of 
its two main branches are blocked. Sufficient occlusion of 
the peripheral pulmonary circulation to cause pulmonary 
iypertension may result from multiple thrombotic or carci- 
;omatous emboli, from structural changes in the walls of the 
sraall arteries or arterioles, or from obliteration of the 

yillaries. It is highly probable that functional constriction 

the small arteries and arterioles may have a similar effect, 
ad indeed may play a dominant role in determining pul- 
nonary hypertension in man. 


b. Pulmonary Blood Flow 


it has been shown that the pulmonary blood pressure does 
not rise during exercise in normal subjects until the pulmonary 
od flow is increased about threefold (Cournand, 1950). 
lows in excess of this raise the pulmonary blood pressure. 
This harmonizes with the facts given in the previous para- 
sraph, and it is clear that one of the important factors govern- 
ig the pulmonary blood pressure is the relationship between 
blood flow and vascular capacity. Pulmonary hypertension 
resulting from high pulmonary blood flow is seen typically in 
patent ductus and ventricular septal defect. 


c. Alveolar Oxygen Tension 


it was Liljestrand who first demonstrated that a diminished 
oxygen tension caused pulmonary hypertension in cats (von 
Euler & Liljestrand, 1946), and the breathing of 10% oxygen 
was soon shown to have a similar effect in man (Motley et al. 
1947). It is thought that this mechanism is of physiological 


value in ensuring that blood is shunted away from any part of ° 


the lung that is thrown out of action. Examples of this type 
of acute pulmonary hypertension are met in bronchial asthma, 
bronchopneumonia, pulmonary oedema and asphyxia. 


7 


d. Left Atrial Pressure 

When the left atrial pressure rises as the result of mitral 

stenosis or left ventricular failure, the pulmonary blood pres- 

sure must also rise if the circulation is to be maintained. 
Pulmonary hypertension of this kind may be called passive. 


e. Certain Drugs 


Certain drugs such as noradrenaline and phenylephrine 
cause a sharp rise of pulmonary artery pressuré when injected 
intravenously (Besterman, 1951). This rise is not due to an 
increase of pulmonary blood flow and must depend upon 
constriction of the small pulmonary arteries or arterioles. It 
is not known whether humoral agents play any part in the 
production of pulmonary hypertension in man. 


2. Peripheral Pulmonary Vascular Resistance 


pressure gradient 
rate of flow 
may be applied to the pulmonary circulation, R being the 
total pulmonary vascular resistance, the pressure gradient 
being the mean pulmonary artery pressure in mm. Hg, and 
the rate of flow the pulmonary blood flow in litres per minute. 
The resistance R may be expressed in empirical units, the 
normal figure being about 2.5, and the range about 2 to 3. If 
it is desired to express the resistance in fundamental units of 


The well-known Poiseuille equation, R = 


force, e.g., in dynes, then the pulmonary blood flow must be 
given in millilitres per second, and the fraction multiplied by 
1,332, which is the constant converting mm. Hg to dynes/cm.? 
(Gorlin & Gorlin, 1951). Considering the margin of error 
involved in measuring the mean pulmonary artery pressure 
and the pulmonary blood flow, a relatively accurate and 
simple way of obtaining the resistance in dynes/sec./cm.~® 
is to multiply the original fraction by 80. Thus if the mean 
pulmonary artery pressure or numerator is 12.5 mm. Hg, 
and the pulmonary blood flow or denominator is 5 1|./min., 
then the resistance in dynes/sec./cm.~> is 2.5 80, or 200. 
The normal range of resistance so expressed is about 150 to 
250. The pulmonary arteriolar resistance may be measured by 
subtracting the mean pulmonary capillary venous pressure 
from the pulmonary artery pressure to obtain the numerator 
of the above fraction. This refinement is especially important 
in cases of mitral stenosis, when the peripheral pulmonary 
arteriolar resistance should be clearly distinguished from that 
resulting from the raised left atrial pressure. The normal 
pulmonary arteriolar resistance averages about 150 dynes/sec./ 
cm.~*. In severe pulmonary hypertension the resistance may 
be increased by anything up to eight times the normal. 


3. Clinical Types of Pulmonary Hypertension 


a. Embolic 


Massive pulmonary embolism, causing acute cor pulmonale, 
and multiple small thrombo-emboli or carcinomatous 
embolism causing subacute cor pulmonale, will not be con- 
sidered ‘here as they are beyond the scope of this paper, but 
they should be included in any classification of the subject. 


b. Primary or Idiopathic 


This relatively rare disease is usually encountered in women 
between the ages of 20 and 30, but may be met at any age and 
in either sex. Only eight cases have been studied by the 
present author. 

The aetiology is unknown, and a congenital abnormality of 
pulmonary vascular function or structure has not been 
excluded (Gilmour & Evans, 1946). Although marked 
thickening of the intima is commonly found in many of the 
arteries and arterioles, such structural changes are not always 
present (Brenner, 1935) and may well be a result rather than 
a cause of the hypertension, and analogous to rather similar 
changes in the peripheral circulation in essential hypertension 
(East, 1940). 

Patients with primary pulmonary hypertension are rarely 
seen until the disease is far advanced, symptoms being late in 
onset. They include dyspnoea, fatigue, palpitations, angina 
pectoris, and syncope on effort, while at rest patients are often 
comfortable. Orthopnoea, paroxysmal dyspnoea and haemo- 
ptysis do not occur. The course is rapidly downhill to death 
within two years of the onset of symptoms in the majority of 
cases. Heart failure is purely right-sided with low cardiac 
output and peripheral cyanosis. The physical signs are very 
characteristic : 

i. The hands are cold and there may be peripheral cyanosis 
of the face, ears, nose and extremities. 

ii. The peripheral pulse is small and the blood pressure 
rather low, both systolic and diastolic levels approaching the 
mean. 

iii. Giant a waves dominate the venous pulse, and may 
measure anything between 7 and 12 mm. Hg above the base- 
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line, v waves being relatively insignificant. This presystolic 
venous pulse is abrupt and collapsing in quality; it is little 
influenced by change of posture and may be more noticeable 
on inspiration. Thus it is best seen when the patient sits bolt 
upright or stands up, when the v wave usually disappears 
altogether. Apart from primary pulmonary hypertension, 
giant a waves of this order are seen only in severe pulmonary 
stenosis with a normal aortic root, tricuspid stenosis, and 
congenital tricuspid atresia with patent foramen ovale. The 
giant a wave is palpable and is transmitted to the liver as a 
presystolic hepatic pulse. There is nearly always associated 
presystolic right ventricular gallop best heard at the left 
sternal border or in the epigastrium. 

iv. The cardiac impulse may show a strong right ventri- 
cular heave from the left sternal edge to the apex beat and 
there may be conspicuous pulsation over the pulmonary 
artery. 

v. On auscultation the second heart sound is closely split, 
the second or pulmonary element being markedly accentuated. 
Not infrequently there is a pulmonary diastolic murmur from 
functional pulmonary incompetence. A systolic murmur 
may be heard over the pulmonary artery, but it is rarely 
impressive, and there is no thrill. 

vi. The electrocardiogram nearly always shows a con- 
spicuous P pulmonale wave often measuring as much as 5 mm. 
in amplitude; and there is invariably strong right ventricular 
preponderance, with very tall secondary R waves running 
right across the chest from V1 to V4 or Vs, followed by 
marked inversion of the T wave. 

vii. RO6ntgenograms show a small aorta, dilatation of the 
pulmonary arc, rather conspicuous left and right main 
branches of the pulmonary artery, and relatively clear peri- 
pheral lung fields. The right ventricle and right atrium are 
dilated. 

Physiological studies reveal a fairly normal lung volume, 
vital capacity and ventilation. The pulmonary artery 
pressure is always high, the systolic level being usually over 
100 mm. Hg, and exceeding the systemic pressure on exertion. 
The pulmonary capillary pressure is normal and the pulmonary 
arteriolar resistance may be eight times the normal (Dresdale, 
Schultz & Michtom, 1951). The right atrial pressure tracing 
shows the giant a waves previously described. The arterial 
oxygen saturation is normal at first, but may drop a little 
(between 80% and 90°) when heart failure is advanced. The 
cardiac output tends to be low and is apt to be maximal at 
rest. The arteriovenous oxygen difference is high, being 
nearly always over 50 ml./I. 

Up till the time of writing, treatment has been of little value 
apart from the usual measures to combat heart failure. Dres- 
dale et al. (1951) claim that Priscol lowers the pulmonary 
artery pressure and may be of some value. There is evidence 
that hexamethonium bromide may also lower the pulmonary 
blood pressure, but this needs confirmation and must be 
shown to act independently of any lowering of the cardiac 
output consequent upon a fall in venous filling pressure. 


c. Specific Forms of Pulmonary Arteritis 


The best example of this kind of pulmonary hypertension is 
that encountered in cases of pulmonary schistosomiasis 
(Bedford, Airaros & Girgis, 1946). But periarteritis nodosa, 
Buerger’s disease, giant cell arteritis, LOffler’s syndrome, 
disseminated lupus, and perivascular carcinomatosis may also 


block the pulmonary circulation. The clinical syndrome 
all these types is similar to that in primary pulmonary hype 
tension, with additional features specific to each disease. 


d. Pulmonary Plethora 

In atrial septal defect, ventricular septal defect, and pate: 
ductus, the pulmonary blood flow is frequently betwee) 
10 and 15 1./min.; in these circumstances one would n 
expect pulmonary hypertension at rest, and in the majority « / 
cases it does not occur. When the pulmonary blood flow 
greater than 15 1./min., moderate degrees of pulmona 
hypertension are found in the presence of a normal or eve) 
reduced pulmonary vascular resistance. In a limited numb 
of cases, however, severe pulmonary hypertension associate 
with a high pulmonary vascular resistance complicates t!.c 
picture. 


i. Atrial septal defect 


In 50 cases of atrial septal defect studied by the auth« 
serious pulmonary hypertension with a high peripheral! 
vascular resistance occurred in six. These cases showed a 
number of features that were in striking contrast to the rest of 
the group, and can be recognized clinically by the following 
signs: (i) the presence of a moderately accentuated a wave, 
measuring from 3 to 5 mm. Hg, in the jugular venous pulse: 
(ii) a less hyperdynamic and more heaving parasternal 
impulse; (iii) a less widely split second heart sound, with 
obvious accentuation of the pulmonary element; (iv) an 
electrocardiogram showing an increase in the amplitude of 
the P wave, and a tall secondary R wave measuring at least 
15 mm. in Leads V1 or V2; (v) less evidence of pulmonary 
plethora than might be expected in the skiagram, considering 
the severity of the case, despite very dilated and dense left and 
right main pulmonary arteries. 

On cardiac catheterization, these six cases showed mean 
pulmonary artery pressures of 65, 70, 72, 43, 81, and 72 mm. 
Hg respectively, and the calculated pulmonary vascular 
resistance averaged about four times normal. Presumably 
because the pulmonary hypertension raised the right ventri- 
cular diastolic pressure, and therefore the right atrial pressure, 
the shunt was relatively slight in these cases, the pulmonary 
blood flow being only one-and-a-half times to twice the 
systemic flow. 

The duration of the shunt could not be held responsible, 
the youngest in the group being only 23 years old, and the 
average age of the six being less than the average age of the 
rest of the patients. 

The increased pulmonary peripheral resistance in this sma! 
group is particularly interesting, because in the majority 
cases of atrial septal defect the resistance is considerab'y 
reduced, so that pulmonary blood flows well in excess 
15 1./min. may cause no pulmonary hypertension. Furt! 
evidence of this extreme pulmonary vasodilatation may 
obtained by introducing a catheter into a pulmonary vein \ 
the defect and pushing it on until it blocks the vessel. 
typical pulmonary arterial tracing, with no evidence 
damping, is then obtained (Weissel, Salzmann & Vetter, 195°). 
In a small number of cases of other conditions, in which : 
catheter has been passed through a functionless pate! 
foramen ovale, undamped pulmonary arterial tracings ha 
not so far been obtained with this technique; nor was such < 
tracing recorded from one case of atrial septal defect wi'h 
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pulmonary hypertension due to an increased pulmonary peri- 
oheral resistance. Moreover, the oxygen saturation of pul- 
monary venous samples in uncomplicated atrial septal defect is 
iften slightly below 90%, indicating an extremely rapid blood 
iow through dilated channels. In addition to these six 
examples of pulmonary hypertension out of 50 unselected cases 
)f atrial septal defect, six other instances were encountered in 
vhich pulmonary hypertension was associated with a reversed 
teratrial shunt through an atrial septal defect. These were 
lected in the sense that they were cyanotic and sent up to 
‘he clinic for diagnosis in view of their relative complexity. 
nically, these cases resemble Eisenmenger’s complex and 
ay be distinguished with certainty only by passing a catheter 
‘hrough the defect and finding a reduced oxygen saturation in 
mples of blood obtained from the left atrium, when pul- 
nary venous samples are normal, or by means of angio- 
rdiography. 
From these figures, it is clear that at least 10%, probably 
°%%. but certainly not as many as 20%, of cases of atrial 
ptal defect have pulmonary hypertension due to increased 
pulmonary vascular resistance. 


Ventricular septal defect 


[In an unselected series of 25 acyanotic cases of ventricular 
‘ptal defect, proved by means of cardiac catheterization, 

pulmonary hypertension due to an increased pulmonary 
peripheral resistance occurred in five. The clinical features 
that distinguish these cases from the rest of the group include 
(i) a moderately accentuated a wave in the venous pulse; (ii) a 
left parasternal right ventricular heave overshadowing a left 
ventricular type of apex beat; (iii) conspicuous pulsation over 
the pulmonary artery; (iv) marked accentuation of the pul- 
monary element of a closely split second heart sound; (v) an 
electrocardiogram showing right ventricular preponderance 
in chest leads with a high voltage secondary R wave in Leads 
V1 and V2; (vi) x-ray appearances indistinguishable from 
those of atrial septal defect with pulmonary hypertension, 
which has been described in section 3d(i). 

On cardiac catheterization, the five cases with pulmonary 
hypertension showed mean pulmonary artery pressures of 95, 
73, 71, 61, and 70 mm. Hg respectively, and a calculated 
pulmonary vascular resistance averaging about three times 
normal. The pulmonary blood flow averaged two-and-a-half 
times the systemic flow. The average age of these cases was 10, 
which was younger than the rest of the group. 

In addition, eight cyanotic cases were encountered in which 
pulmonary hypertension was associated with reversed inter- 
ventricular shunt (Eisenmenger’s complex). There can be no 
doubt that a patient with ventricular septal defect, left to 
right shunt, and a high pulmonary peripheral resistance, may 
reverse the shunt and develop all the clinical and physiological 
features of the Eisenmenger complex, should the pulmonary 
resistance increase sufficiently. The only difference between 
Eisenmenger’s complex proper and the syndrome just described 
is the position of the aortic root, which should be dextroposed 
in the former. 

From these figures it seems that at least 20% and possibly 
as many as 30% of cases of ventricular septal defect have 
pulmonary hypertension due to a high pulmonary vascular 
resistance. In only one case in the series was a really high 
pressure in the pulmonary artery due to a torrential pul- 
monary blood flow alone. 


iii. Patent ductus arteriosus 

In a consecutive series of 40 acyanotic cases of patent 
ductus arteriosus, proved by means of cardiac catheterization, 
there were three with benign pulmonary hypertension due to 
a torrential pulmonary blood flow, the pulmonary resistance 
being normal or nearly so. The mean pulmonary artery 
pressures were 40, 48, and 47 mm. Hg respectively. 

There were 10 with severe pulmonary hypertension, all with 
a high pulmonary vascular resistance averaging about three 
times the normal. In four of these cases the shunt had virtu- 
ally ceased. The mean pulmonary artery pressures ranged 
between 52 and 82 mm. Hg. The average age of the group 
was 14 years, slightly younger than the average age of the 
others, which was 16, so that the duration of the shunt cannot 
be held responsible for the increased vascular resistance. 

Clinically, these cases of patent ductus with high pul- 
monary artery pressure due to increased resistance were 
characterized by a number of features not seen in uncompli- 
cated patent ductus. These included: (i) the absence of a 
water-hammer pulse and of Corrigan’s sign; (ii) a tendency to 
some increase in the amplitude of the jugular a wave; (iii) the 
presence of a left parasternal lift due to right ventricular 
hypertrophy; (iv) the absence of a functional mitral diastolic 
murmur; (v) accentuation of the pulmonary element of a 
closely split second heart sound; (vi) the absence of the 
classical ‘“* machinery’ murmur; (vii) electrocardiographic 
signs of right ventricular hypertrophy; (viii) radiological 
features similar to those of ventricular septal defect with pul- 
monary hypertension. 

In addition to these 40 acyanotic cases of patent ductus, 
four others were met in which an extremely high pulmonary 
vascular resistance had caused reversal of the shunt and 
permanent cyanosis. These were clinically indistinguishable 
from the Eisenmenger complex. 

From these figures it appears that at least 25°% of patients 
with patent ductus have severe pulmonary hypertension due to 
a high pulmonary vascular resistance. 

Surgical ligation always cures benign pulmonary hyperten- 
sion due to an increased pulmonary blood flow in patent ductus. 
There is good evidence that surgical ligation relieves or cures 
those cases of severe pulmonary hypertension due to the 
combination of a high pulmonary vascular resistance and a 
pulmonary blood flow in the region of twice normal. There is 
some evidence supporting the view that a patent ductus should 
not be tied in those cases in which a high pulmonary vascular 
resistance has virtually stopped the shunt. As far as I know, 
no patient with a reversed aorto-pulmonary shunt through a 
patent ductus has had the vessel ligated. Such an attempt to 
treat a cyanosed individual with this condition has a strong 
theoretical objection, because the presence of the duct acts as 
a safety-valve to the pulmonary circulation, and prevents the 
pulmonary artery pressure rising above that in the aorta. It is 
known that these patients may live for a long time, the prog- 
nosis and course being very similar to that of Eisenmenger’s 
syndrome, in which the ventricular septal defect acts as a 
safety-valve. In primary pulmonary hypertension, in which 
no such safety-valve exists, the pulmonary artery pressure may 
soar high above that in the aorta on effort, and the prognosis 
is uniformly bad. An attempt was made to treat a patient 
with primary pulmonary hypertension by creating an artificial 
ductus. The idea was to do a Blalock type of anastomosis, 
using the distal rather than the proximal end of the divided 
left subclavian artery, employing a graft if there was 
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insufficient length, so that the pulmonary blood pressure 
would be prevented from rising above that in the aorta at the 
expense of a cyanosed left arm. Unfortunately, the patient 
died of ventricular fibrillation while the vessels were being 
cleared. I have to thank Mr R. C. Brock for attempting to 
carry out this plan. The patient in question was totally 
incapacitated owing to attacks of syncope on the slightest 
exertion, and had already had one attack of ventricular 
fibrillation during medical investigations. This case is 
mentioned here merely to stress the virtue of a safety-valve in 
the lesser circulation in cases of severe pulmonary hypertension 
due to an extremely high vascular resistance in the lungs, a 
fact underlined by the relatively good prognosis of patients 
with Eisenmenger’s complex or a reversed shunt through a 
patent ductus. 


e. Mitral Stenosis 


In a typical case of more or less severe uncomplicated mitral 
stenosis, the pulmonary capillary pressure is around 20 mm. 
Hg at rest, the mean pulmonary artery pressure about 
35 mm. Hg, the resting cardiac output normal, the total 
pulmonary vascular resistance about 560 dynes, and the pul- 
monary arteriolar resistance about 240 dynes. This pul- 
monary hypertension is passive and depends on the rise in left 
atrial pressure. During exercise, the pulmonary artery 


pressure rises passively with the pulmonary capillary pressure. 

In the first 100 cases of relatively severe mitral stenosis 
investigated in London at the National Heart Hospital and 
at the Brompton Hospital for Consumption and Diseases of 


the Chest, twelve had severe pulmonary hypertension due to a 
high pulmonary arteriolar resistance, and a number of others 
had a mean pulmonary artery pressure of 50-60 mm. Hg. 
The increased resistance on the arterial side protected the 
pulmonary venous system from developing unduly high 
pressures on exertion or excitement; thus symptoms due to 
pulmonary venous congestion were far less evident in this 
group. The protection afforded by this type of pulmonary 
hypertension is at the expense of a diminished cardiac output 
and excessive strain on the right ventricle.. Thus patients 
complained of fatigue and tended to develop functional 
tricuspid incompetence and congestive heart failure. 
Clinically, active or protective pulmonary hypertension of 
this sort could be recognized in cases of mitral stenosis by the 
following features: (i) cessation of pulmonary congestive 
symptoms including pulmonary apoplexy, paroxysmal cardiac 
dyspnoea and pulmonary oedema; (ii) slight to moderate 
exaggeration of the jugular a wave or the venous pulse of 
tricuspid incompetence; (iii) a conspicuous left parasternal 
heave in the absence of mitral incompetence or great dilata- 
tion of the left atrium; (iv) less obvious auscultatory signs of 
mitral stenosis—in one case the valve lesion could hardly be 
detected at all; (v) marked accentuation of the pulmonary 
element of a closely split second heart sound; (vi) pulmonary 
incompetence; (vii) electrocardiographic evidence of right 
ventricular stress—P pulmonale waves and tall secondary 
R waves in Leads V1 and V2; (viii) radiological changes, 
including more dilatation of the pulmonary artery, right 
ventricle and right atrium, less pulmonary venous congestion, 
and less dilatation of the left atrium than usual. 
Physiological studies revealed a mean pulmonary artery 
pressure usually above 60 mm. Hg, a high arteriovenous 


2 See Holling, p. 358 of this Bulletin. 


oxygen difference, and a low cardiac output. The pulmonar 
capillary venous pressure was usually between 20 and 3 
mm. Hg. 

Amongst the first 50 cases operated on in London by 
R. C. Brock at Guy’s Hospital and at the Brompton Hospita 
twelve had active or protective pulmonary hypertension, five \ 
which were of extreme degree. In these five the results we 
excellent in two, good in one, poor in one, and fatal in on 
Subsequent catheterization in the first two revealed a pro- 
found fall in pulmonary artery pressure from 130/78 ar 
130/56 to 68/42 and 40/10 mm. Hg respectively (Baker ef « 
1952). So far we have not certainly witnessed protecti\: 
pulmonary hypertension that has proved irreversible after 
technically successful valvotomy. Nevertheless, such irre- 
versibility is to be expected occasionally. 


f. Chronic Cor Pulmonale 


By chronic cor pulmonale is meant that form of disturbanc 
of the cardiovascular system which is secondary to parenchy- 
matous disease of the lungs, the most important cause beinz 
emphysema. One might expect serious pulmonary hype 
tension in all such cases, owing to the concomitant presen 
of three of the five agents known to raise the pulmonary blood 
pressure, that is, a tendency to obliteration of pulmonar 
capillaries, reduced alveolar oxygen tension, and an increased 
pulmonary blood flow. The remarkable thing is that serious 
pulmonary hypertension is uncommon in this group. A 
the Brompton Hospital for Consumption and Diseases of 
the Chest and at general hospitals such as Hammersmith 
Hospital, London, chronic cor pulmonale, even of a degree 
sufficient to cause clinical congestive heart failure, is usual! 
associated with moderate rises of pulmonary artery pressure 
during exacerbations of the condition commonly resulting 
from an attack of bronchitis or bronchopneumonia; but the 
pulmonary blood pressure often returns to normal resting 
levels after successful treatment. In these cases, acute anoxia 
and an increased pulmonary blood flow appear to be chiefly 
responsible for the hypertension.2, As shown by McMichae! 
& Sharpey-Schafer (1944), the increased cardiac output is an 
important physiological adaptation to help combat the anoxia 
At the National Heart Hospital, London, however, this type 
of case is rarely seen, and the great majority of cases of 
chronic cor pulmonale admitted for treatment have permaner 
and severe pulmonary hypertension due to an extremely high 
pulmonary vascular resistance at rest and when free from 
bronchospasm and pulmonary infection. In such case: 
obliteration of pulmonary capillaries or some other fact 
increasing the pulmonary arteriolar resistance must be 
responsible. The pulmonary blood pressure does not fa 
materially when the arterial oxygen saturation is brought t» 
normal or near normal as the result of oxygen therapy. Th 
exact incidence of this form of pulmonary hypertension °: 
difficult to assess, owing to the influence of selection mer- 
tioned previously, but it would appear to be of the order of 
20%. 

Clinically, cases in which anoxia and a high cardiac outpt 
dominate the situation may be recognized by central cyanosi. 
warm extremities, digital throbbing, capillary pulsatio 
distended forearm veins, and a rise of venous pressure wil): 
a and v waves about equal in amplitude, a full, slightly wate:- 
hammer pulse, tachycardia, low voltage electrocardiograi 


* See Bayliss, p. 354 of this Bulletin. 


Brit. med. Bull. 1932 





PULMONARY HYPERTENSION Paul Wood 


with slight P pulmonale waves, and an x-ray film which may 
show marked changes in heart size during a bout of congestive 
heart failure, and which does not necessarily conform to the 
well-known appearances of cor pulmonale. 
In the hypertensive type the clinical features may be very 
ferent, and the cardiac output may be low or normal. 
Central cyanosis is usually present, but the extremities may be 
cold and there may be no evidence of vasodilatation whatever. 
\ conspicuous a wave may dominate the venous pulse and 
there may be pronounced right ventricular presystolic gallop. 
Owing to masking of the heart sounds by emphysema, auri- 
ar gallop may be heard only in the epigastrium. The 
ctrocardiogram usually shows a conspicuous P pulmonale 
ve and marked right ventricular preponderance in chest 
is, whilst the x-ray appearances conform to the classical 
cription. The outlook in these hypertensive cases is 
formly bad and death must be expected within a year or 
o of the time the diagnosis is first made. 


4. Conclusion 


Out of this brief survey an important fact emerges, which is 
ths: in a limited number of individuals, perhaps 20%, the 
pulmonary circulation reacts in a vigorous and vicious manner 

certain agents which do not ordinarily produce this effect 
inless they are present in extreme degree. It is doubted if any 

normal agent is present in primary pulmonary hypertension, 

d it is suggested that the behaviour is congenital. In the 
group of cases with left to right shunt, it is obviously the 
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Lung disease is a less frequent cause of cardiac failure than 
rheumatism, hypertension or coronary artery disease. This 
is not due to any paucity of patients with lung disease but 
rather to the large reserve of pulmonary function whereby one 
lung can be removed, or rendered functionless, without sig- 
nificantly disturbing the proper oxygenation of arterial blood 
or impeding the circulation through the remaining pul- 
monary tissue. Of the many pulmonary diseases which may 
cause cardiac disorder, two—pulmonary embolism and 
emphysema—are a common continuing source of much 
morbidity and mortality. 


1. Acute Cor Pulmonale 


Pulmonary embolism has long been recognized as a cause of 
unexpected death in patients who have undergone operations, 
especially those involving the pelvic organs. It is now widely 
appreciated that the condition may occur with almost equal 
frequency in obstetrical and in medical patients, particularly 
those suffering from debilitating illness and confined to bed for 
long periods of time. The embolus usually arises from a 
thrombus in a deep calf or pelvic vein (Belt, 1934). The cause 
of phlebothrombosis is still unknown but sepsis. alterations in 
the endothelium of the veins, increased coagulability of the 
blood after trauma, and stagnation of the circulation in the 
lower limbs are predisposing factors. Using radioactive 
sodium, Wright, Osborn & Edmonds (1951) have shown that 
the venous return from the legs is profoundly slowed in 
patients confined to bed after surgical operations, and that 
this can be countered by early ambulation.' Wright (1942, 
1945) has also shown that the platelets increase in number and 
become more adhesive for 14 days after operation, which 
is when phlebothrombosis usually occurs. Prevention lies 
in early movement of the legs, early ambulation, correction of 
dehydration and the avoidance of pillows under the knees 
and tight bandages around the abdomen. Should phlebo- 
thrombosis occur, it must be recognized early and treated 
before the occurrence of pulmonary embolism. Sometimes 
there are no signs in the legs ; often they are minimal and 
escape all but the most careful examination. A raised skin 





* See also paper by Wright, H. P., in a previous number of the Bulletin (Brit. 
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temperature, tenderness of the calf muscles on deep palpation. 
pain on dorsiflexion of the foot and prominence of superfici: | 
veins may be present singly or in combination. Sometim:s 
premonitory signs comprise nothing more than a slight ri: 
in pulse or respiration rate or temperature, the significance 
which may pass unnoticed. It is at this stage that treatme 
is most effective in arresting the process in the leg and fore- 
stalling the occurrence of massive pulmonary embolis: 
Heparin, dicoumarol and the newer anticoagulant, tromexa:., 
have been used successfully both as a prophylactic in po 
operative patients thought to be prone to phlebothrombo 
and also in those who have already developed the condition. 

The manifestations of pulmonary embolism depend on tiie 
size of the embolus. A massive embolus may rest astride tiic 
bifurcation of the pulmonary artery and cause instantaneo 
death. Lesser degrees of pulmonary arterial obstruction may 
be followed by longer survival and marked by a sense of pr-- 
cordial distress, sudden faintness, dyspnoea, signs of periphe: 
vasoconstriction, sweating, a profound fall in systemic blox 
pressure and congestion of the cervical veins. If survival 
prolonged, accentuation of the pulmonary second heart sou: 
and a triple rhythm over the right ventricle may be evident. 
The electrocardiographic changes, which may be diagnostic 
especially if the record is made soon after the onset, indicate 
right ventricular strain. The findings in the limb leads, which 
may beindistinguishable from posterior myocardial infarction, 
are a deep S wave in Lead I with depression of the ST segment; 
a prominent Q wave in Lead III with inversion of the T wave 
and elevation of the ST segment (McGinn & White, 1935). 
Wood (1941) has pointed out the importance of chest leads 
in distinguishing between pulmonary embolism and posterior 
myocardial infarction. In the former the T waves are inverted 
in Leads V1 to V3 or V4, and there may be transient right 
bundle branch block. 

Smaller pulmonary emboli tend to cause predominantly 
respiratory symptoms and to be associated with pulmonary 
infarction, which, however, is not a necessary consequence of 
embolism nor an essential part of acute cor pulmonale. 
Repeated episodes of pulmonary embolism may produce a 
clinical picture similar to chronic cor pulmonale and, unless 
the cause is carefully sought, the condition may be mis- 
diagnosed as emphysema heart disease (McMichael, 1948). 
Other conditions producing a somewhat similar clinical 
picture are carcinomatous emboli or multiple pulmonary 
arterial thromboses due to carcinomatous infiltration of the 
perivascular lymphatics (Morgan, 1949). 

In animal experiments Harrison (1948, 1951) has show: 
that repeated intravenous injections of fragments of bloc: 
clot produce a histological picture indistinguishable from th 
seen in idiopathic pulmonary arteriosclerosis. He sugge: 
that some patients with so-called primary pulmonary hyp« 
tension (Evans, 1951) may in fact be suffering from the e 
result of repeated pulmonary emboli. 

Cardiac dysfunction is seldom encountered in act 
diseases of the bronchi or pulmonary parenchyma. Auricul:: 
fibrillation used to occur not infrequently in elderly patie: 
with pneumonia, and sometimes electrocardiographic eviden-¢ 
of right ventricular strain was seen. With the advent of an :- 
biotics these abnormalities are uncommon. Sudden 
creases in intrathoracic pressure, as may occur in a valvu 
pneumothorax or following a wound of the chest wall, m 
seriously interfere with cardiac filling and be responsible 
peripheral circulatory collapse. Prolonged bouts of coughir: :, 
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especially in stocky emphysematous subjects, may cause a 
marked rise in pulmonary artery pressure and temporarily 
obstruct the blood flow through the lungs. The resulting fall 
in left ventricular output may cause momentary unconscious- 
ness (Charcot’s laryngeal vertigo) (McCann et al. 1949). 


2. Chronic Cor Pulmonale 


Involvement of the heart in many chronic pulmonary 
iseases has been the subject of much recent research: 
ronchitis, emphysema and asthma (McMichael & Sharpey- 
schafer, 1944; Howarth, McMichael & Sharpey-Schafer, 
47; Harvey et al. 1951; Mounsey et al. 1952), pneumo- 
niosis (Thomas, 1948), tuberculosis, kyphoscoliosis, bil- 
rziasis (Bedford, Aidaros & Girgis, 1946), scleroderma 
iyliss & McMichael, unpublished observations) and broncho- 
\ic carcinoma (Pearson, 1944). 

The term chronic cor pulmonale has been used to denote 
diac involvement in chronic lung disease. In the early 
ges, when venous congestion and oedema are absent, the 
ndition is often distinguished with difficulty from the un- 
ymplicated pulmonary disease. Evidence of pulmonary 
yertension may be given by accentuation of the pulmonary 
cond sound, a forceful right ventricular thrust below the 
yhisternum, a triple rhythm in this area, radiological evi- 
nce of enlargement of the pulmonary vascular shadows, of 
: pulmonary outflow tract or of the right ventricle, and 
electrocardiographic changes. Later, when the right ventricle 
fails, raised venous pressure, hepatic engorgement and oedema 
are added. 


3. Emphysema Heart Disease 
a. Incidence 


Of the many different causes of chronic cor pulmonale, 
chronic bronchitis and emphysema, with or without preceding 
asthmatic attacks, are numerically the most important. The 
true incidence of emphysema heart disease is difficult to assess. 
It probably varies from one locality to another, being more 
prevalent in industrial areas which are subject to fog and to 
air pollution. Cardiac involvement occurs late in emphy- 
sematous patients, and right ventricular enlargement, being 
difficult to detect radiologically, was found by Parkinson & 
Hoyle (1937) in only 18 out of 80 cases. The most common 
precipitating cause of right ventricular failure is the super- 
imposition of acute bronchitis or bronchopneumonia on 
chronic bronchitis. Some indication of the incidence of 
emphysema heart disease is given by the post-mortem records 
of Hammersmith Hospital, London. During 1935-50, 
113 patients died of the disease, constituting 2.4% of all 
autopsies. Three-quarters of the patients were men. 


b. Clinical Picture 


During the quiescent phase of chronic bronchitis and 
emphysema, which may last for many years before cardio- 
vascular complications occur, the arterial blood is seldom 
less than 90% saturated with oxygen. With progression of the 
disease, signs of pulmonary hypertension are added. The 
arterial blood may be less well oxygenated, with saturation 
often ranging from 80% to 90%. The patient, usually a man 
over 40, gives a history of many years of cough, at first 
occurring in the winter months, /Jater all the year round. 
Dyspnoea is more pronounced in the winter and is accen- 
tuated by foggy weather. Initially only noted on exertion, 
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now it is present after the mildest effort and may be present at 
rest. The lips show a dusky blue cyanosis. The eyes may be 
prominent, watery and chemotic. The extremities are warm. 
The anteroposterior diameter of the chest is increased ; the 
shoulders rounded ; the clavicles prominent and the accessory 
muscles of respiration active. The thorax is fixed in inspira- 
tionand hyperresonant to percussion. The cardiacand hepatic 
dullness is diminished or obliterated. Expiration is prolonged 
and sibilant rhonchi and rales give evidence of bronchospasm 
and bronchitis. The sputum is mucoid or mucopurulent, often 
quite copious and flecked with carbon. Clinical evidence of 
pulmonary hypertension may be given by an accentuated 
pulmonary second sound, a right ventricular thrust and a triple 
rhythm. x-Ray examination of the chest usually shows wide 
intercostal spaces, increased translucency of the lungs and a 
low flat diaphragm with poor respiratory excursion (Whitfield 
et al. 1951). Pulmonary hypertension may cause prominence 
of the hilar vessels, and enlargement of the pulmonary arc 
and right ventricle. The electrocardiographic changes at this 
stage are mainly due to the altered position of the heart, and 
unequivocal evidence of right ventricular hypertrophy, as 
shown by the chest leads, is a late development. The usual 
findings are large Gothic P waves in Leads II, III and VF, and 
a negative P wave in VL. The S wave in Lead I and the 
R wave in Leads III and Vr are prominent. The T waves are 
often inverted in Leads III and Vr. In leads taken over the 
left side of the chest the R waves are small and the S waves 
deep. The converse is seen in leads from the right side of the 
chest, and the P and T waves may be inverted in V1 to V3. 
Right bundle branch block may be present. 

The onset of right ventricular failure may be insidious ; 
more often it appears suddenly when precipitated by a super- 
added acute respiratory infection. The pulse is rapid and 
bounding ; sinus rhythm is the rule. The oxygen saturation 
of arterial blood is usually less than 80%, and very low values 
may be seen (Harvey et al. 1951; Mounsey et al. 1952). 
Occasionally papilloedema and retinal venous engorgement 
are present (Simpson, 1948). The symptoms are pulmonary 
rather than cardiac. Many patients die within the first 
year of the onset of failure and not many have recurrent 
attacks of failure in a manner comparable with rheumatic or 
hypertensive heart disease. Death is usually due to hypoxia 
and respiratory failure. It may be preceded by peripheral 
circulatory collapse. 


c. Pathological Physiology 


The pathological findings of right ventricular hypertrophy 
and dilatation together with atheroma of the pulmonary 
arteries have long suggested that emphysema may be associa- 
ted with pu!monary hypertension.? The pressure in the pul- 
monary artery depends on the volume of blood expelled by 
the right ventricle and on the resistance offered to the blood as 
it flows through the lungs. An increase in one of these 
factors without a reciprocal decrease in the other will cause a 
rise in pulmonary artery pressure. The first detailed studies 
made by McMichael and his colleagues on the haemodynamics 
of emphysema heart disease showed that, despite the presence 
of right ventricular failure, the cardiac output was above the 
normal :ange or at its upper limit (McMichael & Sharpey- 
Schafer, 1944; Howarth et al. 1947). Subsequent studies 
have shown that the pulmonary artery pressure may be 





? See Wood, p. 348 of this Bulletin. 
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normal in uncomplicated emphysema, raised in compensated 
cor pulmonale and raised even further in decompensated 
cases (Bloomfield et a/. 1946; Borden ef al. 1950; Ferrer 
et al. 1950; Harvey et al. 1951; Mounsey et al. 1952). No 
doubt several factors in varying degree are responsible for the 
pulmonary hypertension. 

The primary physiological defect in emphysema is failure of 
the lungs to provide the alveoli with sufficient oxygen to 
saturate the arterial blood to a normal degree. This defect 
may be corrected by an increased minute volume of respira- 
tion. When this no longer maintains a normal oxygen content 
in the arterial blood, other mechanisms serve to provide the 
tissues with an adequate supply of oxygen, the most important 
being an increased cardiac output—a common finding in 
emphysema heart disease—and polycythaemia, which in- 
creases the oxygen-carrying capacity of the blood. 

It is unlikely that the high cardiac output alone is responsible 
for the pulmonary hypertension. The elevation of pulmonary 
arterial tension is out of proportion to the rise in cardiac 
output, and there is no correlation between the pulmonary 
artery pressure and the cardiac output. Further, on recovery 
from right ventricular failure, the pulmonary arterial pressure 
may fall without any change in cardiac output. In normal 
subjects mild exercise may double the cardiac output, but 
there is little or no increase in the pulmonary artery pressure. 
Hence there must be a decrease in the pulmonary resistance, 
either by the opening up of new channels through the lungs 
or by a widening of those already open. In contrast, the 
pulmonary arterial pressure in emphysematous patients rises 
on exercise (Riley et a/. 1948). This suggests that there is an 
increase in the rigidity and a decrease in the capacity of the 
pulmonary vascular bed. From quantitative considerations 
it seems improbable that there is sufficient destruction of the 
pulmonary capillaries to be the major cause of hypertension. 
Pulmonary vascular sclerosis may contribute to the hyper- 
tension but the sclerosis is inconstant, may not be conspicuous 
and is probably a reaction to the high pressure rather than a 
primary cause. Further evidence that anatomical changes 
are not the only cause of pulmonary hypertension is given by 
tests of pulmonary function which fail to detect any difference 
between emphysematous patients with heart failure and those 
without cardiac complications. Rarely, pulmonary hyper- 
tension may occur without any reduction in the pulmonary 
capillary bed from alveolar destruction. In one such case the 
pulmonary artery pressure and the arterial blood oxygen 
saturation were normal until the patient developed an acute, 
superimposed on a chronic, bronchiolitis. The pulmonary 
artery pressure rose to 66/20 mm. Hg, and the arterial oxygen 
saturation fell to a very low level. At post-mortem examina- 
tion no anatomical explanation was found for the raised 
pulmonary artery pressure (Clinico-Pathological Conference, 
1951). The most convincing evidence that pulmonary hyper- 
tension is not solely due to anatomical changes is provided by 
repeated studies in the same patient. When cardiac failure 
develops during an acute exacerbation of chronic bronchitis, 
there is a pronounced rise in pulmonary artery pressure and a 
fall in arterial oxygen saturation. With resolution of the 
acute infection the failure may remit and the pulmonary 
pressure subside, though not always to normal levels. These 
findings suggest that functional rather than structural changes 
may play a significant part in the causation of pulmonary 
hypertension. 

That hypoxia may play an important role is suggested by 


the observation that acute hypoxia causes pulmonary vasw- 
constriction and a rise in pulmonary artery pressure (von 
Euler & Liljestrand, 1946; Motley et a/. 1947). In emphys«- 
matous patients there is a close correlation between the degri-- 
of hypoxia and development of pulmonary hypertension 
(Harvey et al. 1951; Mounsey et al. 1952). Howeve 
correction of the hypoxia by oxygen therapy may restore t 
oxygen saturation of arterial blood to normal without alwa 
lowering the pulmonary artery pressure (Mounsey et al. 195 
No explanation for this has been forthcoming. The failu:e 
of the pulmonary artery pressure to fall may perhaps be due 
to the short time that oxygen was administered during these 
observations, and possibly also to retention of carbon dioxi:¢ 
during oxygen therapy. Duke (1950) has shown that increase 4 
carbon dioxide tension causes slight pulmonary vasoconstr':- 
tion in experimental animals. Polycythaemia may contribute 
to the pulmonary hypertension by increasing the viscosity of 
the blood. The degree of polycythaemia may not be reflected 
in the haemoglobin content of the blood, for often the cei/s 
are hypochromic and the haematocrit is raised proportion- 
ately more than the haemoglobin concentration. Althouvh 
Cournand and his colleagues have emphasized the frequency 
of polycythaemia in their patients in New York (Harvey e7 
1951), it is not a significant nor a common finding in cases 
studied in London (Kopelman, personal communication). 
This difference may be related to the chronicity and duration 
of the disease. 

From these clinical findings it is possible, with the aid of 
some speculation, to trace the pathogenesis of emphysema 
from the uncomplicated form to that associated with right 
ventricular failure. In the early stages there are no<alterations 
in the circulation. As the disease progresses, structural 
changes in the lung obstruct the pulmonary blood flow, 
especially on exertion. The pulmonary artery pressure at rest 
may be normal but rises when the cardiac output increases 
with exercise. With further progression of the disease, 
hypoxia occurs. The cardiac output increases, the hypoxia 
causes pulmonary vasoconstriction, polycythaemia may 
occur and pulmonary hypertension is present at rest. Finaily 
an acute respiratory infection causes increased hypoxia. The 
pulmonary artery pressure rises further and, with the onset of 
right ventricular failure, the right atrial pressure rises and 
the plasma volume increases in addition to the already present 
increase in red-cell mass. 


d. Treatment 


The treatment of emphysema heart disease follows 
understanding of its pathogenesis. The precipitating cause of 
right ventricular failure is usually hypoxia induced by 
acute respiratory infection. Especially in elderly patients suc! 
an infection may not be associated with pyrexia. Penici 
is of the greatest value in controlling the infection and 
reducing the degree of hypoxia. It has proved the m 
important single measure in treatment. Pulmonary funct 
may be improved by reducing bronchospasm, when thi: 
present, with ephedrine or aminophylline. 

Oxygen therapy is also of value in reducing the hypoxia 
its continuous administration is not without danger and m:: 
induce carbon dioxide narcosis. The patient receiving oxy: 
may complain of fullness in the head, become disorientat! 
sweat profusely, exhibit myoclonic movements and fina:!y 
become unconscious despite an oxygen saturation exceed!: 
90% in the arterial blood. Chronic emphysema is often 
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associated with carbon dioxide retention, and the respiratory 
centre, becoming insensitive to carbon dioxide (Donald & 
Christie, 1949), is kept active by the hypoxia. Correction of 
his with oxygen therapy may depress the respiratory centre ; 
breathing becomes shallower and leads to further carbon 
lioxide retention (Donald, 1949). This in turn increases 
-erebral blood flow and Davies & MacKinnon (1949) have 
-+hown that oxygen therapy causes a marked rise in the cerebro- 
pinal fluid pressure in emphysematous patients. Respiratory 
lepressants are dangerous for similar reasons and deaths have 
een reported following the use of morphine in such patients 
Daley, 1945). 
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The success of surgical treatment of congenital heart disease, 
followed by the equally successful surgical treatment of mitral 
stenosis, has brought a new line of approach and a powerful 
stimulus to the investigation of cardiac disorders. When the 
possibility of effective methods of treatment arose, large 
numbers of patients with congenital heart disease, who had 
previously been cared for at home, presented themselves at 
hospital, anxious to be investigated. Patients with mitral 
stenosis were selected for operation if it was thought they 
were suffering from uncomplicated mitral stenosis : in general 
they had not progressed to congestive heart failure and there- 
fore presented a clearer picture of the effects of the valve 
lesion itself. When cases of congenital heart disease or 
mitral stenosis came to operation the clinical diagnosis could 
be reconsidered in the light of the surgical findings. Finally, 
in the cases successfully treated by surgery, it was possible 
to study, within a short space of time, the same patient in two 
very different stages of his disease. 

Fortunately the technique of passing a catheter along a 
vein and through the right heart and into the pulmonary 
vessels had already been established (Cossio & Berconsky, 
1939), so that the intracardiac pressures could be measured 
and blood samples taken from the heart and the great vessels. 
About the same time also the development of sensitive electro- 
manometers enabled accurate pressure measurements and 
pulse tracings to be obtained through the long thin catheters. 


1. Cyanotic Congenital Heart Disease 


The clinical observation of Taussig that infants with 
Fallot’s tetralogy deteriorated when the ductus arteriosus 
closed, and that cases complicated with persistent patent 
ductus fared better than those without, led her to consider that 
the cause of the anoxia in cyanotic congenital heart disease 
generally was that insufficient venous blood reached the lungs 
and was not primarily due to the mixing of venous and arterial 
blood. This supposition was proved of practical value when 
subsequently Fallot’s tetralogy was treated successfully by 
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pulmonary subclavian anastomosis (Taussig & Blalock, 1945 
and more directly by Brock’s operation of pulmonary valv: 
tomy (Brock, 1948). The possibility of surgical treatment i 
cyanotic congenital heart disease made it desirable that mo 
accurate diagnosis of the condition present should be mad 
before operation and for this purpose radiology, angiocardix 
graphy and cardiac catheterization were employed. Th 
practical use of these studies has been adequately describe 
elsewhere (Taussig, 1947 ; Wood, 1950), but these methox 
have also provided data which are of help in understandir 
the mechanisms that develop to compensate for the anox 
of cyanotic congenital heart disease. 

Anoxia occurs in many diseases and the study of its vario: 
manifestations is an important subject. It is the recognitic 
and assessment of the relative importance of the compensator 
mechanisms that develop or are called into play in the hea 
and circulation, in the lungs, the tissues and the blood, whic 
are attempted here. Because of the cyanosis, polycythaem 
and clubbed fingers, the patients resemble the inhabitants « 
high altitudes on whom the classical studies of anoxia wer 
made (Barcroft, 1925). This similarity had been observed bu: 
it is a comment on the separation of the physiologist fro: 
clinical medicine that, in order to study anoxia, it seemed 
easier to take an expedition to the Andes than to make a 
excursion into the hospital ward. Campbell, Hunt & Poulton 
(1923) and Talbot & White (1941) did apply the lessons learn: 
from high altitudes to the study of cases of congenital hear 
disease, but their example was not followed until the recent 
stimulus of interest in congenital heart disease. 

Since the cause of anoxia at high altitudes is different from 
that of congenital heart disease it is dangerous to draw tov 
closely the parallel between the two. The anoxia of high 
altitudes is proportional to its cause, which is the diminished 
pressure of oxygen in the atmosphere, and since alveola: 
oxygen concentration and arterial oxygen tension are depen- 
dent on atmospheric oxygen pressure they may act as i 
measure of the degree of anoxia existing. The anoxia o! 
congenital heart disease, on the other hand, is due to restric- 
tion of the venous blood flow to the lungs and is certainly not 
related to the alveolar oxygen concentration and not neces- 
sarily to the arterial oxygen saturation. 

Studies of t' compensatory mechanisms which develop 
response to the anoxia of congenital heart disease have show 
that there is no material change in the properties of tl 
circulating haemoglobin that would alter its affinity f 
oxygen (Morse, Cassels & Holder, 1950), neither is there a: 
increase in the blood flow to the tissues to compensate fi 
the anoxaemia (Holling, 1952). The oxygen metabolism 
the tissues, as shown by the basal oxygen consumption, 
unchanged. One way in which the obstruction to the circul: 
tion is Overcome is by increased work by the right hea: 
This compensation has been seen in cases of pulmona 
stenosis in which an increase in right ventricular pressure mi 
enable a normal output to be maintained despite the stenos: 
outflow tract of the right ventricle (Holling, 1952). A 
important compensation is that oxygen passes from the blox 
to the tissues at oxygen tensions lower than normal, so th 
the oxygen content of the mixed venous blood is reduce 
As a result of this compensation it is possible for the bloc | 
flow to the tissues to be reduced by one-third without reduicir : 
their oxygen supply. Further compensation is afforded 
the polycythaemic response, which permits more oxygen p 
unit volume of blood to be picked up in the lungs a: 
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FIG. 1. RELATIONSHIP BETWEEN HAEMOGLOBIN 
CONCENTRATION AND ARTERIAL OXYGEN 
SATURATION, IN 44 CASES OF CYANOTIC CON- 
GENITAL HEART DISEASE 





13 15 17 19 2! o wp 27. =29 
Abscissae: haemoglobin concentration (g./100 mi.) 
Ordinates: arterial oxygen saturation (%) 


ansported to the tissues. It is usually considered that the 
imulus to the formation of more haemoglobin is a decreased 
xygen concentration in the blood supplied to the bone- 
arrow. This appears to be so in the polycythaemia of high 
ititudes because the haemoglobin concentration shows a close 
‘lationship to the degree of arterial unsaturation. Talbot & 
Vhite (1941), however, in a collected series of cases of cyanotic 
eart disease, were unable to show a close relationship 
etween the oxygen saturation of the arterial blood and the 
aemoglobin concentration. The present writer, however, 
lid find a significant relationship between the two but this 
vas not as close as might have been expected, considering that 
he two values are capable of fairly accurate determination 
fig. 1). However, the cause of anoxia in cyanotic congenital 
ieart disease is the limitation of the volume of venous blood 
vhich can reach the lungs. By determining the total oxygen 
consumption and the oxygen content of mixed venous blood 
obtained by cardiac catheterization, and by assuming that 
blood is 95% saturated with oxygen after it has passed through 
the lungs, one can calculate, by application of the Fick 
principle’, the volume of blood that is oxygenated in the lungs 
each minute. This has been termed the effective pulmonary 
blood flow (Bing, Vandam & Gray, 1947). The relationship 
between the effective pulmonary blood flow and the haemo- 
globin concentration in 43 cases of cyanotic congenital heart 
disease is shown in fig. 2 ; in spite of the fact that the deter- 
mination of effective pulmonary blood flow is liable to error, 
this relationship is actually closer than that existing between 
the haemoglobin concentration and the arterial oxygen 
saturation in the same cases. Thus the increased haemo- 
globin concentration is proportional to the anoxia. 

The polycythaemic reaction to anoxia appears to have the 
disadvantage of rendering the blood so viscous that it cannot 
pass easily through the stenosed vessels ; and, according to 
this concept, it might be thought that venesection would be 
good treatment. Viscosity of blood as measured in glass 
vessels does not, however, correspond to the viscosity of blood 
flowing through the body and it would be wrong to hinder, 
because of a theoretical objection, what seems to be a bene- 
ficial reaction. The loss of blood should also be avoided. 





See also review of the film, ‘‘Cardiac output in man”, p. 417 of this Bulletin. 


Brinton (1951) has found evidence of iron deficiency in these 
patients : when the red cell count was greatly increased, the 
concentration of haemoglobin within the cells was reduced in 
some cases and he suggested that in these the administration 
of iron might allow increased formation of haemoglobin. 


2. Mitral Stenosis 
a. Effect of the Lesion 

Whether the condition of the heart muscle or the mechanical 
burden laid upon it is the more important in the causation of 
symptoms is a constantly recurring question in cardiology. 
Laennec’s introduction of the stethoscope in 1816 directed 
attention to the diseased valves of the heart and his followers 
suggested that the diagnosis and prognosis of acquired heart 
disease was largely a matter of interpreting the sounds in 
terms of valve lesions. But Hope (1832) challenged these 
views and in the second edition of his book reported observa- 
tions which led him 

to regard as an inaccuracy . . . the pivot on which turns the 

principal train of their reasoning; namely, that the symptoms of 

a retarded circulation are, under all circumstances, the result of a 

mechanical obstacle to the course of blood . . . these symptoms 

are seldom produced in any very remarkable degree of severity 

by a mechanical obstacle, unless hypertrophy, dilatation, or 

softening of the heart is superadded. 
The importance of estimating the reserve capacity of the 
heart muscle, rather than trying to decide how severely the 
valves are affected, was taught by Mackenzie (1913) who, one 
hundred years after Laennec’s introduction of the stethoscope, 
questioned whether the discovery of auscultation and the 
emphasis placed on the discovery of valve lesions might not 
have done more harm than good. Sir Thomas Lewis was of 
the same school and in the 1946 edition of his book on 
diseases of the heart wrote : 


Surgical attempts to relieve cases of mitral stenosis presenting 
failure by cutting the valve have so far failed to give benefit. [ 


FIG. 2. RELATIONSHIP BETWEEN HAEMOGLOBIN 
CONCENTRATION AND EFFECTIVE PULMONARY 
BLOOD FLOW, IN 43 CASES OF CYANOTIC CON- 
GENITAL HEART DISEASE 
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Abscissae: haemoglobin concentration (g./100 ml.) 
Ordinates: effective pulmonary blood flow (I./m.2/min.) 
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FIG.3. PULMONARY ARTERY PRESSURE AND CARDIAC OUTPUT, BEFORE of mitral stenosis before and after successfu 
AND AFTER MITRAL VALVOTOMY, IN 13 CASES OF MITRAL STENOSIS ¢--atment by valvotomy: there was a fall i 


b a 


A: Pulmonary artery mean pressure 


Ordinates: pulmonary artery mean pressure (mm. Hg) 


a: before operation 
b: after operation 
B: Cardiac index 
Ordinates: cardiac output (I./m.?/min.) 
a: before operation 
b: after operation 


think they will continue to fail, not only because the interference is 
too drastic, but because the attempt is based upon what, usually 
at all events, is an erroneous idea, namely, that the valve is the 
chief source of trouble. 


Yet mechanical strain on a normal myocardium may 
eventually result in cardiac failure (as in cases of arteriovenous 
fistulae) and stenosis of the mitral valve may provide just such 
a strain. Moreover, if the burden is removed, the heart might 
revert to normal, as happens when an arteriovenous fistula 
is removed (Cohen et al. 1949). So in 1946, disregarding the 
ideas of cardiologists, Brock in Great Britain and Bailey 
in the USA renewed the surgical attack on the diseased 
mitral valve, this time with success (Baker, Brock & Campbell, 
1950 ; Bailey, 1949). Their success showed that the obstruc- 
tive effect of mitral stenosis is of greater importance than 
had been thought by many cardiologists. The mechanical 
obstruction, however, is not necessarily the only cardiac lesion 
in a patient with mitral stenosis, and it may be that symptoms 
remaining after a successful valvotomy are due to myocardial 
changes. 


b. Pulmonary Congestion in Mitral Stenosis 


The results of cardiac surgery in mitral stenosis provide 
evidence as to whether the symptoms are due mainly to pul- 
monary congestion (backward failure) or to diminution of 
the cardiac output (forward failure). Figure 3 shows the 
pulmonary artery pressure and the cardiac output in 13 cases 


b the pulmonary artery pressure but littk 
change in the cardiac output. Since a! 
these patients showed marked clinical im- 
provement, this strongly suggests that th: 
symptoms in mitral stenosis are due mor: 
to pulmonary congestion than to reductio 

in cardiac output. 

Since the symptoms of mitral stenosis ar 
due to congestion in the pulmonary circ 
lation, it becomes of interest to attem; 
to measure the degree of congestion presen 
The dilatation of the hilar vessels, seen i 
chest x rays of patients with mitral stenosi: 
shows that congestion is occurring, and th: 
evidence that the affected vessels are pul- 
monary arteries rather than pulmonar 
veins has been given elsewhere (Holling 
1951). The volume of blood in the pu! 
monary circulation may be measure 
indirectly by determining the vital capacit: 
(Drinker, Peabody & Blumgart, 1922) o: 
by Hamilton’s dye technique (Borden et a/ 
1949). Kopelman & Lee (1951) found only 
an insignificant increase in the volume of 
intrathoracic blood in patients with mitra! 
stenosis, and this did not change with 
marked clinical improvement. Measure- 
ments of vital capacity paralleled the results 
obtained with the dye technique. Ni 
measurements of pulmonary blood volume 
by the dye technique have been reported 
before and after mitral valvotomy, but the 
operation produces no significant change 
in vital capacity (Holling, Venner & Vere! 
unpublished). It seems, therefore, that there is only a slighi 
increase of circulating blood in the lungs of patients with 
mitral stenosis : Kopelman & Lee (1951) suggest that this 
may be due to the functional and structural changes in the 
pulmonary vasculature which will be discussed in the nex: 
section. 


ee eee ee 


c. Pulmonary Vascular Resistance in Mitral Stenosis 


With long-standing stenosis of the mitral valve the pressure 
in the left atrium and, secondarily, the pressure in the pu! 
monary circulation, increase.2 The increase in pulmonary 
arterial pressure and the associated hypertrophy of the righ 
ventricle have long been recognized, but it was not know: 
whether the resistance to the flow of blood through the lung 
was due entirely to the obstruction offered by the stenose: 
mitral valve or whether in addition obstructive changes ha 
taken place in the pulmonary vessels. Only recently, b 
taking pressure readings at operation as well as at catheteriza 
tion, has it been possible to measure the pressure throughout 
the pulmonary circulation, and discover the answer to th: 
question. During catheterization the pressure in the pu 
monary artery and that in the small vessels of the lung are 
measured, the latter by thrusting the catheter down a pu’- 
monary artery until it blocks the vessel in which it is lying 
the pressure measured in this situation is that transmitte 


* See Wood, p. 348 of this Bulletin. 
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»trogradely through the small vessels and, though it probably 
resents the pulmonary venous pressure, it is usually re- 
srred to as the pulmonary capillary pressure. The pressure 
he left atrium is measured directly at operation. In mitral 
nosis the pressure is increased both in the left atrium 
in the small pulmonary vessels, but the greatest rise 
irs in the pulmonary artery pressure. The relationship 
veen the pulmonary artery and pulmonary capillary 
sures in 78 cases of mitral stenosis is shown in fig. 4. 
en the pressure in the pulmonary artery is between 10 and 
nm. Hg, that in the pulmonary capillaries is roughly two- 
is of this value ;. but when the pulmonary artery pressure 
es above 30 mm. Hg, the pressure in the pulmonary capil- 
2s rises less, so that the difference between the two pressures 
eases. These findings cannot be reconciled with the 
position that the increased pulmonary artery pressure of 
‘al stenosis represents simply the back pressure behind 
stenosed mitral valve. The greatest obstruction occurs 
ween the pulmonary arteries and the pulmonary capil- 
‘s, and this has the effect of protecting the latter from a 
1 pressure. It is significant that the hydrostatic pressure in 
lung capillaries does not, under normal circumstances, 
much above 30 mm. Hg, which is the colloid osmotic 
sure of the plasma. However, during exercise, or if an 
1opnoeic patient is allowed to lie too flat, a marked rise in 
nonary artery pressure may occur which may, in part, be 
smitted to the pulmonary capillaries (Holling, Venner & 
/erel, unpublished). Even mild anxiety caused by trying to 
nental arithmetic may be associated with a rise in pul- 
onary capillary pressure. These observations show that 
ider stress the protective pulmonary arteriolar obstruction 
y fail and permit the filtration pressure in the pulmonary 
villaries to exceed the colloid osmotic pressure of the plasma. 
these circumstances an attack of pulmonary oedema may 
recipitated. 
is not known how much of the pulmonary vascular 
»sistance is due to vasoconstriction of the arterioles and how 
uch to structural changes in the vessels. The evidence just 
1oted, that a rise in pulmonary artery pressure may occur 
th no rise in cardiac output, suggests the presence of a 
iable vascular resistance which cannot be due to structural 
changes. The evidence in favour of structural changes 
laying their part in maintaining a continuous pulmonary 
ypertension is as follows. Parker & Weiss in 1936 described 
ne vascular sclerotic changes which are found post mortem in 
pulmonary vessels of patients with mitral stenosis. The 
istological appearances of intimal thickening of the arteries, 
yperplastic arteriolar sclerosis and necrosis suggest that the 
inges are permanent, and this was the opinion of Parker and 
siss. Larrabee, Parker & Edwards (1949) further suggested 
it these changes afforded an organic basis for the increased 
iimonary vascular resistance found in cases of mitral 
nosis. They considered that the changes would not be 
versed by .. . “‘an operation that would restore essentially 
‘mal function to the mitral valve’. Though it is hazardous 
) interpret histological appearances in terms of function this 
ned a reasonable supposition. The changes founc <y 
arker and Weiss and by Larrabee and his colleagues are not 
-rminal, for similar changes have been found by Enticknap 
unpublished) in lung biopsy spécimens removed at operation. 
he fallin vascular pressures that follows successful valvotomy 
suggests that an organic change may, at least in part, be the 
cause of the increased pulmonary vascular resistance. When 


FIG. 4. RELATIONSHIP BETWEEN PULMONARY 
ARTERY AND PULMONARY CAPILLARY PRESSURE 
IN 78 CASES OF MITRAL STENOSIS 
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Abscissae: pulmonary capillary pressure (mm. Hg) 
Ordinates: pulmonary artery mean pressure (mm. Hg) 


a successful valvotomy is done, the left atrial pressure often 
falls immediately but the pulmonary artery pressure usually 
shows little change. This suggests that the height of the left 
atrial pressure is not the immediate cause of the increased pul- 
monary resistance in mitral stenosis, whether by back pressure 
or by reflex nervous activity. During the weeks following 
operation the pulmonary artery pressure does fall, and when it 
is measured some six months after operation it is always 
markedly reduced if the valvular obstruction has been 
successfully relieved. It is possible that such a sequence of 
events could follow the gradual release of vasoconstriction, but 
the removal of an organic obstruction of the arteries would 
seem more likely to cause the gradual waning of symptoms 
which occurs. A possible explanation is that the “* basal” 
increase in pulmonary artery pressure is due to organic 
vascular changes and that short-lived stimuli may cause vaso- 
constrictor effects in addition to this. A point of practical 
importance is that, in the cases operated on to date, no evi- 
dence has been found that an operation to restore the essen- 
tially normal function of the stenosed mitral valve has failed 
because of organic changes in the pulmonary vessels. 












When mitral valvotomy was first introduced, it was thought 
that those cases with the highest pulmonary artery pressure 
would derive most benefit from operation. However, Baker 
et al. (1952) find that patients with only moderately raised 
pressures may respond well to operation, so that it is not 
necessary to show that a patient with symptoms due to 
mitral stenosis has pulmonary hypertension before subjecting 
him to operation. In general the highest pulmonary artery 
pressures are found in patients with the most severe symptoms 
(Bayliss, Etheridge & Hyman, 1950), but this is not invariably 
so, and the observation that patients may have severe 
symptoms but no marked increase in pressure suggests that 
the height of the pulmonary artery pressure is not responsible 
for the severity of the symptoms. 


3. Mitral Regurgitation 


The clinical diagnosis of mitral regurgitation is largely made 
on three signs: (i) a constant long harsh systolic murmur 
heard at or beyond the impulse; (ii) systolic expansion of the 
left atrium seen on fluoroscopy; and (iii) evidence of left 
ventricular hypertrophy. The value of these signs is still a 
matter of dispute amongst cardiologists, because it is difficult 
for the clinician to substantiate his interpretation of them. 
Unsupported clinical opinions, with whatever vehemence they 
may be put forward, cannot do this. Post-mortem examina- 
tion of the valve ring may lead to the opinion that the valve 
had been incompetent but such evidence is not always certain. 
Moreover, the delay which occurs between clinical diagnosis 
and post-mortem examination makes comparison difficult. 
With the introduction of intracardiac operations, however, 
it has become possible for the surgeon to feel and to estimate 
the force of any regurgitant stream through the mitral valve. 
If the mitral ring is widely patent and the stream forcible, 
the diagnosis is not in doubt. But when the regurgitation is 
less marked it may be missed by the surgeon because the 
contraction of the left ventricle is weaker than normal. 
However, it may be presumed that small degrees of regurgita- 
tion are not of importance. In a re-assessment of the signs 
considered to be associated with mitral regurgitation, the 
pre-operative opinion as to whether or not mitral regurgita- 
tion is present is being checked with the findings at operation. 
So far the character of the systolic murmur at the apex has 
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not been found to be a reliable guide to whether the surg: 
will find mitral regurgitation or not. After comparing he 
surgical with the clinical findings we may paraphrase 3ir 
Thomas Lewis’s summing-up of the correlation, over m: ny 
years, between auscultatory and post-mortem findir »s. 
There is a widespread tendency to ascribe the harsher rv .r- 
murs to regurgitation but almost any type of murmur ray 
be heard—a soft blowing murmur, a harsh rasp, a mus «al 
bruit—and at operation no regurgitation is to be found. ~ he 
valve may be defective and the ring may be wide and t! re 
may be no murmur. 

Of the sign of systolic expansion of the left atrium, i: is 
relevant to remark that the surgeon sometimes cannot dec de 
whether the left atrium is expanding with cardiac systole, e en 
when the pericardium is open and the heart clearly visi" |e, 
though he may find free regurgitation when he opens ‘he 
atrium. The third sign, left ventricular hypertrophy, may be 
of value in the absence of aortic disease. 

It was feared that mitral valvotomy would convert mi':al 
stenosis into mitral regurgitation. Thus White wrote in 19-4: 


Surgical attempts to correct the handicap of marked m:°al 
stenosis by valvulotomy . . . have been ineffective and danger: \:s. 
Moreover, it is probable that conversion of mitral stenosis | to 
mitral regurgitation is little or no gain so far as the cariac 
mechanism is concerned; in fact it may conceivably do m re 
harm than good, since permanent mitral regurgitation can itself 
be a great burden for the whole heart to support, whereas m’ ral 
stenosis imposes no burden on the left ventricle. 


This fear, however, has proved to be unfounded and i: is 
seldom that, after a valvotomy has been successfully per- 
formed, either the surgeon’s finger or a pressure pulse trac 1g 
from the left atriumi can detect any increase in the mitral 
regurgitation. Moreover, examination of the affected va!.es 
shows that in some cases when the valve cusps are freed from 
each other they may become more mobile, thus reducing ‘he 
degree of regurgitation. 


4. Conclusion 


This brief account has given only examples of the way 1 
which surgery of the heart may alter our ideas of card:ic 
dysfunction. The subject is a wide one, and the work on |: 's 
still in progress, so that the statements made here will have 10 
be amplified in later accounts, and may have to be modifi 
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reflex vasodilatation was achieved in one fifth digit by indirect 
heating (immersion of both feet in water at 44° C. ; see Gibbon 
& Landis, 1932). Activity of the sympathetic supply to the 
other was prevented by blocking the ulnar nerve with 2% 
procaine and adrenaline. Under these circumstances the rate 
of heat elimination from the two digits was found to be equal. 
That is to say, the blood flow during full natural vasodilatation 
was no greater than that during the release of vasoconstrictor 
tone. From this and other control experiments Arnott and 
Macfie concluded that vasodilator fibres do not participate to 
any appreciable extent in the regulation of the circulation in 
normal digits. 


b. Effect of Sympathetic Denervation on the Circulation in the 
Hand and Foot 


In 1929 Lewis & Landis studied the circulatory changes in 
two patients after cervico-dorsal ganglionectomy. After the 
operation the skin of the fingers was flushed and the digital 
arteries pulsated vigorously. On the second day, however, 
the skin was pale and, by the fourth day, digital arterial 
pulsation was absent. Lewis and Landis concluded that tone 
had returned to both capillaries and arteries. 

The time course of this return of tone has now been deter- 
mined more objectively and accurately by plethysmography 
(Barcroft & Walker, 1949; Lynn & Barcroft, 1950; Walker, 
Lynn & Barcroft, 1950). The results, seen in fig. 1, show that 
after operation there was a marked hyperaemia in both hand 
and foot caused by release of vasoconstrictor tone. This was, 
however, short-lived. By the end of the first week the 
hyperaemia had subsided to a great extent, and by the end of 


circulation 
Large arteries 
a Sympathetic innervation of the 
femoral artery in the cat and 
rabbit 
References 


e aim of this article is to describe recent 
rk on problems of the sympathetic in- 
1ervation and denervation of the blood 
‘ssels in the limbs. Its scope will be seen 
rom the above summary of its contents. 


1. Hand and Foot 


a. Sympathetic Innervation of Digital 
Blood Vessels 


While it is generally agreed that the 
circulation in the fingers is regulated for 
he most part by the activity of sym- 
athetic vasoconstrictor fibres, there re- 
nained until a short time ago the question 
f whether vasodilator fibres participate to 

/ appreciable extent. That they do so 
n Raynaud’s disease is strongly suggested 

the work of Lewis & Pickering (1931). 

ese authors were, however, unable to 
lemonstrate any action of vasodilator 
ibres in normal fingers. This question 

pears to have been settled by the work 

t Arnott & Macfie (1948) who determined 

calorimetry the rates of heat elimination 
‘rom the right and left fifth digits. Full 


FIG. 1. EFFECT OF SYMPATHECTOMY ON BLOOD FLOW OF HAND 
AND FOOT, AND ON SKIN TEMPERATURE 


HAND FOOT 
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| 
! 
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Abscissae : time in days, the vertical broken line indicating the day on which sym- 
pathectomy was performed 
Ordinates : blood flow in ml./100 ml. tissue/min. 


The averaged results of experiments on five hands and six feet show the effect of 
sympathectomy on the blood flow in the hand and foot, and on the skin temperatures 
of the fingers and toes. 

The denervations were performed to prevent excessive sweating; hence the 
responses are those of normal human blood vessels. Note the transient increase in 
blood flow after operation and the return of intrinsic vasomotor tone. 

The skin temperatures remain high 
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FIG. 2. HAND BLOOD FLOW DURING INTRABRACHIAL INFUSION OF ADRENALINE BEFORE 
AND AFTER SYMPATHECTOMY 
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Abscissae : hands numbered 1 to 10 Shaded rectangles : pre-operative infusions 
Ordinates : hand blood flow during adrenaline infusion expressed Black rectangles : postoperative infusions 
as a percentage of the initial flow and corrected for P : preganglionic section R: Raynaud’s disease 
fluctuations unrelated to adrenaline infusion G : ganglionectomy H : hyperhidrosis 
A: avulsion of the brachial plex 
The effect of sympathectomy on the sensitivity of the blood vessels of ten hands to adrenaline. Adrenaline was infused at rates of ,';, +, 
and } yg./min. 
Note increased sensitivity to adrenaline after sympathectomy in hands 1 to 6 
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the second the blood flow was on the average only a little 
above the resting level. Control tests showed that (i) the 
sympathectomies were usually complete and (ii) the hyperaemia 
could not have been caused by any factor connected with the 
operation other than section of the sympathetic fibres. (Lynn 
& Martin (1950) described one exceptional case in which there 
was no recovery of tone in the vessels in the feet.) 

Some other points are worth noting. Cervico-thoracic 
anglionectomy had been performed in some of the patients 
nd preganglionic section in others. Two had ganglionectomy 
n one side and preganglionic section on the other. The 
hereabouts of the sympathetic section did not appear to 

ke any difference to the circulatory changes. 

Figure 1 shows that after operation the fingers and toes 

e warm, and that they remained so as long as the investiga- 
icn lasted. This is in accordance with the previous findings of 
on & Brown (1929) and with clinical experience. Why 
should be so after the circulation in the hands has subsided 
ot known. 
ince the hyperaemia produced by sympathectomy is only 
\sient it might at first sight seem doubtful if the operation 
ild do any good in vasospastic disease. There is, however, 
nite evidence of benefit in many cases (White, 1948 ; 
3e-croft & Hamilton, 1948a; Felder et al. 1949). The 
lanation is probably that sympathectomy isolates the 
essels and protects them from strong central stimulation 
ted by cold, etc. Under such circumstances the circulation 

: normally innervated hand or foot may become very small 

‘eed and that through a sympathectomized one is likely to 
» many times greater. 


c. Effect of Sympathetic Denervation on the Sensitivity 


of the Circulation in the Hand to Adrenaline 

The recurrence of Raynaud’s spasm after sympathectomy 
has been ascribed to sensitization of the vessels to circulating 
adrenaline (Smithwick, Freeman & White, 1934), and pre- 
ganglionic section has been preferred to ganglionectomy on 
the grounds that it is likely to cause less sensitization (White, 
Okelberry & Whitelaw, 1936; Smithwick, 1940). These views 
have been based in part on the effect of adrenaline on the skin 
temperature of the fingers. Recently the effects of adrenaline 
on the vessels of the hand, before and after sympathectomy, 
have been studied by Duff (1952). Using plethysmography, 
he recorded the blood flow in the hands before and during 
infusions of adrenaline at rates of @y, as, ig, and 4 ug. per 
minute into the brachial artery on one side. The blood flow 
during an infusion of adrenaline can be expressed by the 
formula shown below. This makes approximate correction 
for any bilateral change in flow that takes place between the 
pre-infusion and the infusion period and that is unrelated to 
ihe adrenaline. 

BF, == 100 x blood flow in test arm during infusion 

blood flow in test arm before infusion 


blood flow in control arm before infusion 
blood flow in control arm during infusion 


where BF, is the blood flow during adrenaline infusion 
expressed as a percentage of the initial flow. 

Figure 2 shows the results obtained in ten hands each 
tesied for sensitivity to adrenaline before (shaded rectangles) 
and after (black rectangles) sympathectomy. Control experi- 
ments showed that a 25% reduction in blood flow signified a 
definite vasoconstrictor response. On this basis six hands 





Vol.8 No. 4 


(fig. 2, Nos. 1, 2, 3, 4, 5 and 6) showed increased sensitivity 
to adrenaline after sympathectomy. The mean reduction in 
flow for all infusions for all ten hands was 9% before sympa- 
thectomy and 35% afterwards—a fourfold increase in response 
due to more powerful vasoconstriction in six of the hands 
(t = 3.25, P <0.001). So far as some hands are concerned, 
these results confirm the finding of Smithwick et al. (1934) 
of increased sensitivity to adrenaline after sympathetic 
denervation. 

Fatheree, Adson & Allen (1940) were not able to confirm 
the observation of White et a/. (1936) that the degree of en- 
hanced sensitivity to adrenaline was greater after ganglionec- 
tomy than after preganglionic section. Nor is this shown by 
the results in Duff’s small series. Six of the eight hands 
denervated by preganglionic section showed increased 
sensitivity to adrenaline, whereas there was no change in the 
sensitivity of the only two hands denervated by ganglionec- 
tomy. Duff also found that the sensitivity to adrenaline of 
the hands of patients with Raynaud’s syndrome was the same 
as that of normal hands. 

The time relations of the development of intrinsic tone in 
human vessels (hand and foot, fig. 1) closely resemble those of 
the development of increased sensitivity to adrenaline in the 
blood vessels of experimental animals (Hampel, 1935; 
Le Compte, 1941), but this does not signify that the return of 
tone is due to enhanced sensitivity to circulating adrenaline. 
The amount of adrenaline circulating in the blood at rest is 
very small (von Euk:. 1952) and may not be enough to 
cause contraction of tt. supersensitive vessels (Cannon, 1937). 
Denervation alter whole physiological function of smooth 
muscle cells (C- a & Rosenbleuth, 1949) and it would not 
be at all surpris "5 .f it affected the contractile process of blood 
vessels in a n.anner unrelated to sensitivity to adrenaline. 


d. Late Resuits of Sympathetic Denervation on the Circulation 
in the Hand 


Various views have been expressed about the long-term 
effect of sympathectomy on the circulation. Simmons & 
Sheehan (1939) and Haxton (1947a, 1947b) demonstrated a 
return of sudomotor and vasomotor reflexes and attributed 
this to regeneration. Kuntz, Alexander & Furcolo (1938) 
and Kirgis & Kuntz (1942) thought that the upper limb 
operation was not sufficiently extensive to sympathectomize 
the limb completely. Paterson Ross (1946) considered that a 
well-planned and correctly executed operation would produce 
a permanent result. 

Further information about the effect of upper limb sympa- 
thectomy (preganglionic section; see Smithwick, 1940) on the 
sympathetic innervation of 56 hands has recently been obtained 
by Barcroft & Hamilton (1948a, 1948b). Both vasomotor and 
sudomotor reflexes were tested. The vasomotor test was as 
follows. The blood flow in the hand was recorded plethysmo- 
graphically at normal room temperature and again during 
maximum reflex vasodilatation (elicited by covering the subject 
with blankets and immersing both feet in water at 45° C. for 
1 hour). The result was expressed as the ratio of the blood 
flow during reflex vasodilatation to the initial blood flow 
(heating ratio). The heating ratio for normally innervated 
hands is usually more than 5 (that is, the release of sympathetic 
tone increases the blood flow more than fivefold). The 
heating ratio for completely sympathectomized hands is 1 
(releasing sympathetic tone does not affect the blood flow, since 
the vessels are disconnected from the vasomotor centre). The 
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FIG. 3. EFFECT OF SYMPATHECTOMY ON REFLEX VASOMOTOR 


AND SUDOMOTOR ACTIVITY 


SYMPATHECTOMIZED HANDS 


NORMAL 


Tested O-6 Tested 1-6 years after 
HANDS 


months after operation 
operation (B) 
(A) 


HEATING RATIOS 


CURRENT DIFFERENCE pa 


The effect of sympathectomy on reflex vasomotor activity (expressed as heating 
ratios) and on sudomotor activity (expressed as current difference) measured in 56 
sympathectomized hands and compared with normal hands (left-hand column). Note 
complete sympathetic denervation 0-6 months after operation and return of innervation 


after 1-6 years. For further details see text, section 1d 


ratios of the 56 sympathectomized hands, and of some normal 
hands for comparison, are shown in fig. 3. The results for the 
sympathectomized hands are arranged from left to right in 
increasing order of the length of time between the operation 
and the test. It will be seen that they fall into two groups. 
The hands tested within six months of operation all had 
heating ratios of 1 ; they were completely denervated. Many 
of those tested a year or more after operation had heating 
ratios of more than 1 ; there was some sympathetic innerva- 
tion. Similar results were obtained when sympathetic tone 
was released by blocking the radial, median and ulnar nerves. 
The sudomotor test was performed as follows. The electrical 
conductivity of the skin of the fingers was measured : 


i. In skin in which sympathetic stimulation of the sweat 
glands was excluded by nerve block. 

ii. In skin in which maximal reflex activity of the sweat 
glands was produced by warming the body in the 
manner described above. 


The result of the test was expressed as the difference between 
the currents recorded in (ii) and (i) (current difference). 
Normal hands have large current differences but there is none 
if sympathetic denervation is complete. The results for the 
56 sympathectomized hands, and for some normal ones for 
comparison, are shown in the lower part of fig. 3, the result for 
each hand being placed immediately under the corresponding 
result for the vasomotor test. As with the vasomotor test, 
the results of the sudomotor test fall into two groups: those 
obtained within six months of operation showing no current 
difference, and indicating a negligible amount of sympathetic 


innervation, and those obtained a year or 
more after operation with quite large 
current differences, signifying some sy .- 
pathetic innervation of the sweat gland 

Several inferences may be made. There 
seems to be no foundation for the v'-w 
expressed by Kuntz and his colleagues, )n 
the basis of anima! experiments, that “he 
Smithwick operation is not sufficien:ly 
extensive to produce complete sym.a- 
thetic denervation of the hand. ‘he 
alternative paths suggested by the work of 
Skoog (1947), Ray & Console (1948) ead 
Boyd & Monro (1949) do not appear to 
contribute a significant amount of n- 
nervation as far distally as the hand. 

When the operation is performed r 
vascular disease, as it usually is, ‘»e 
vasomotor test is relevant and its resv ts 
indicate the completeness of sympath:c- 
tomy of the blood vessels of the ha:d. 
When the operation is done for excess ve 
sweating the sudomotor test is relevart ; 
its results accord with the good clinical 
results obtained (Haxton, 1948). The per- 
sistence of a few sympathetic fibres to 
the sweat glands has been demonstrated 
by more delicate electrical methods than 
those used in this investigation. However, 
the results of sudomotor tests seem to be 
relatively useless for assessing the com- 
pleteness of the denervation of the blood 
vessels of the hand. 

The presence of vasomotor and sudomotor reflexes a year or 
more after operation indicates a return of sympathetic inner\ a- 
tion. In most cases it cannot be of much functional use 
because the clinical benefit often lasts longer than a year 
(Barcroft & Hamilton, 1948a) and the heating ratio, on the 
average, returns to only one-quarter of that of normal han:is 
(data from Hamilton, 1947). 


Cases in col. A 
retested |-I} 
years later 


2. Forearm and Calf 


a. Sympathetic Innervation of the Blood Vessels of Skeleta! 
Muscle 


Although it is well known that sympathetic nerves supp!y 
the blood vessels in the muscles of experimental animals, and 
maintain tone in those of the dog and cat, it was not until 
1943 that this was shown to be soin man (Barcroft et al. 1943). 
This is a question of theoretical and practical importance. 

The rate of the circulation in the right and left forearms, 
measured with the plethysmograph, is normally equal, «s 
shown in fig. 4a. After the radial, median and ulnar nerves, 
which would be expected to contain any sympathetic fibres ‘9 
the muscles, were blocked (Gilding, 1932), the rate of the 
circulation in the forearm was doubled (fig. 4b). Ths 
suggested that sympathetic tone had been released in thc 
muscle vessels. Other explanations had to be considere: 
Blocking the motor nerves caused muscular paralysis and los 
of tone which might have facilitated the passage of the bloow. 
To see if this was so the experiments were repeated o1 
sympathectomized forearms. Blocking the deep nerves di 


Brit. med. Bull. 192 





Bull. 198 


SYMPATHETIC INNERVATION AND DENERVATION Henry Barcroft 


FIG. 4. EVIDENCE FOR SYMPATHETIC NERVE SUPPLY 
TO BLOOD VESSELS IN THE MUSCLES OF THE 
FOREARMS 


a 


e—e NORMAL 


o---0 DEEP NERVES 
BLOCKED 


—-e NORMAL 
o--0 SYMPATHECTOMIZED — DEEP 
NERVES BLOCKED 


e—e CONTROL 


o--oBLANCHED 
DEEP NERVES 
BLOCKED 
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Abscissae : time in minutes 
Ordinates : blood flow in ml./100 ml. tissue/min. 


Number of subjects is shown in brackets. 


a: Forearm blood flow in normal subjects. Note that the flow in 
the two arms is equal. 

b. Effect of blocking ulnar, median and radial nerves on one side. 
Note increase in blood flow. 

c: Effect of blocking the deep nerves in a sympathectomized arm. 
Note that there is no increase in blood flow. 

d: Effect of blocking the deep nerves in an arm after the cutaneous 
circulation had been suppressed by adrenaline introduced by 
electrophoresis. Note that the blood flow increases. 


These experiments show that sympathetic fibres supply the blood 
vessels in the forearm muscles with vasoconstrictor fibres which 
maintain vasomotor tone. For further details see text, section 2a 


not increase the blood flow, in spite of paralysis of the muscles 
(fig. 4c), so that the increase in blood flow in the normal 
forearms must have been due to blocking sympathetic fibres. 

‘aude Bernard had shown that section of the cervical 
sympathetic nerves in the horse caused a rise in the pressure in 
the labial artery due to the release of sympathetic tone in the 
arterial wall (Bernard, 1876). It was conceivable that blocking 
the deep nerves caused widening of the arterial tree in the 
forearm and passive increase in blood flow through the over- 
lying skin. To see if this were so, the nerve blocks were 
repeated after the cutaneous circulation had been suppressed 
by the action of adrenaline introduced by, electrophoresis. 
This, however, did not prevent the increase in the blood flow 
(fiz. 4d) which must have been deep to the skin. Considering 
these results and some other control experiments, Barcroft 
and his colleagues (1943) concluded that the sympathetic 
nerves must supply and maintain tone in the blood vessels 
in human muscles. 
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Further information about the sympathetic innervation of 
blood vessels in human muscle was obtained by Barcroft et al. 
(1944) and by Barcroft & Edholm (1945), who found that the 
blood flow in the forearm increased during the precipitous 
fall in arterial blood pressure which took place in post- 
haemorrhagic fainting. The forearm vessels had dilated. To 
see if the vasodilatation was of nervous or of hormonal origin 
the forearm blood flow was recorded during fainting in 
sympathectomized subjects. As vasodilatation did not occur 
in sympathectomized forearms it must have been mediated by 
the sympathetic supply to the normal limb. It might have been 
due to release of vasoconstrictor tone or to a combination of 
release of tone and active vasodilatation. To settle this, the 
blood flow in the normal forearm during fainting was com- 
pared with that in the contralateral limb in which the radial, 
median and ulnar nerves had previously been blocked. The 
blood flow was greater in the normal forearm. This greater 
widening must have been actively excited by sympathetic 
vasodilator fibres. Finally the whereabouts of the vasodilata- 
tion in the forearm was considered. It was probably in the 
muscles, as the skin was pale and as the forearm is mostly 
muscle (Abramson & Ferris, 1940). To settle this point the 
rate of the blood flow during fainting was recorded in the 
hand, which contains relatively little muscle (Abramson & 
Ferris, 1940). The hand blood flow decreased. Therefore 
the increase in the blood flow in the forearm during fainting 
must have been in the muscles. 

These experiments showed that human muscle vessels are 
supplied by sympathetic vasoconstrictor and vasodilator 
fibres. 


b. Effect of Releasing Sympathetic Vasoconstrictor Tone on 
the Circulation through Skeletal Muscle during Exercise 


In 1938 Grant showed that the increase in the circulation in 
skeletal muscle during activity is mainly due to the action of 
vasodilator metabolites. Nevertheless, as we have just seen, 
the sympathetic nerves can influence the blood flow in m. | ~ les, 
and whether they do so in exercise even to a small exte:. «s a 
matter of great practical and theoretical interest. This was 
investigated by Barcroft et al. (1952). : 

It was assumed that after exercise the excess of blood flow 
over the resting level would be directly related to the concentra- 
tion of metabolites in the muscles at the end of exercise 
(Grant, 1938). If release of sympathetic vasoconstrictor tone 
further increases the muscle blood flow which has already 
been increased by accumulation of vasodilator metabolites, 
then the excess of blood flow (blood debt) after exercise should 
be decreased by release of vasoconstrictor tone. To see if 
this was so, the blood debts were recorded following standard 
exercises of calf and forearm, performed both before and 
during release of sympathetic vasoconstrictor tone, obtained 
by indirect heating (Barcroft, Bonnar & Edholm, 1947). 
Figure 5 shows typical results. The release of sympathetic 
tone approximately doubled the basal level of blood flow in 
the calf. Apart from this, the behaviour of the circulation 
after the end of exercise seemed to be much the same. Figure 6 
shows the blood-debt curves, redrawn after subtraction of the 
basal rates. The debts (areas under the curves) differed by only 
3%. Even this small difference appeared to be due to chance, 
as it was of the same order as that between the debts recorded 
when the exercises were done on different days. Thus the 
sympathetic nerve supply probably plays no part in the circu- 
latory changes taking place in muscle as a result of activity. 
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FIG. 5. EFFECT OF RELEASING SYMPATHETIC VASOCONSTRICTOR TONE 
ON THE BLOOD FLOW IN THE CALF BEFORE AND AFTER EXERCISE 


POST EXERCISE 


REST 


oO 1e) 
A 


Abscissae : A: time in minutes before exercise 
B : time in minutes after exercise 
Ordinates : blood flow in ml./100 ml. tissue/min. 


The averaged results of experiments on the blood flow in the calves of 14 subjects at rest 
and after exercise both before (circles) and during (crosses) indirect heating to release sym- 


pathetic vasoconstrictor tone. (See also fig. 6.) 


It is not known why the vasomotor centre can regulate the 
basal flow in muscle and yet be unable to influence the circula- 
tory changes during activity. There may be two separate 
circulations in muscle, one controlled by the vasomotor centre 
and the other by metabolites. Although this idea receives no 
support from the classical description by Spalteholtz (1888) 
of the anatomical arrangements of the muscle blood vessels, 
Zweifach (1950) has recently found that muscle contains many 
minute arteriovenous anastomoses and that these are con- 
trolled by sympathetic nerves. It is important to see if this 
can be confirmed. 


c. Effect of Sympathetic Denervation on the Circulation 
through Skeletal Muscle 


The question of whether intrinsic tone develops in muscle 
vessels after sympathetic denervation, as it does in the vessels 
of the hand and foot (see section 1b), has recently been investi- 
gated by Duff (1951). His results are shown in fig. 7. After 
sympathectomy the blood-flow changes in the muscular fore- 
arm were similar to those seen in the hand and foot (fig. 1). 


The maximum flow occurred soon: 
in the forearm; it was not so lar 
as that in the hand, and the flo, 
returned more quickly to the p: 
operative level. 


3. Collateral Vessels 


a. Sympathetic Innervation of 1); 
Collateral Vessels of the Hip, Loy 
Part of the Thigh, Knee and Elbo 


Conclusive evidence of sympa 
thetic innervation of human c 
lateral vessels has recently b 
published by Shepherd (1950) ai 
by Dornhorst & Sharpey-Schat- 
(1951a). Shepherd studied the col- 
lateral vessels in the neighbourho 
of the hip, and measured the rate « 
blood flow through the calf afiec 
severe exercise of the calf muscles 
performed during occlusion of th 
femoral artery in the groin. Unde 
such circumstances, the periphe: 
resistance in the calf being very low, 
the rate of flow in the calf depends 
on the resistance offered by 
collateral vessels round the hip. 
see if the sympathetic nerves main 
tained tone in these collaterals, the 
collateral flow was measured before 
and during procedures likely 
release such tone if present. The 
results were then compared. The 


procedures used to release tone were 


B (i) indirec theating and (ii) tetraethy! 


ammonium bromide (500 mg. ; 10”, 
solution intravenously). As_ bo! 
procedures increased the collatera 
flow, Shepherd concluded that sy 
pathetic fibres maintained tone 
these collaterals in normal subjecis. 

Dornhorst and Sharpey-Schaie1 
studied the sympathetic innervation of collaterals in lim)s 
with abnormal circulations. In one series they investigat«c 
the collaterals of the knee and lower part of the thigh in case 
of obstruction of the femoral artery. The rate of flow throu! 
these collaterals was measured by recording the blood flow 
through the calf during wide dilatation of the calf vess 
induced by reactive hyperaemia. Collateral flow \ 
measured before and during the first 24 hours follow 
lumbo-dorsal sympathectomy. As the blood flow was 
creased after operation in six out of the seven subjects 
these authors concluded that sympathetic nerves supply « 
maintain tone in the collaterals round the knee and lo\ 
part of the thigh. They also found in three subjects, by < 
different method, that sympathetic nerves supply and main- 
tain tone in collaterals round the elbow (Dornhorst 
Sharpey-Schafer, 1951b). 


b. Effect of Sympathetic Denervation on the Collateral 
Circulation 


Dornhorst & Sharpey-Schafer (1951a) also studied the 
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FIG. 6. EFFECT OF RELEASING SYMPATHETIC VASO- 
CONSTRICTOR TONE ON THE EXCESS BLOOD 


FLOW IN THE CALF AFTER EXERCISE 


Abscissae : time after exercise in minutes 
Ordinates : blood flow in ml./100 ml. tissue/min. 


The excess of blood flow in the calf after exercise over the resting 
rate was measured in 14 subjects (same series as in fig. 5) following 
exercises performed before (circles) and during (crosses) indirect 
heating to release sympathetic vasoconstrictor tone. 

The areas under the curves, which denote the blood debts after 
exercise, differed by only 3%, indicating that the sympathetic nerve 
supply probably plays no part in the circulatory changes in muscle 
during activity 


changes in the collateral circulation during the first fortnight 
after sympathectomy. By the end of this time the marked 
increase in blood flow in the collateral vessels round the elbow 
had subsided. The rate of the circulation had returned to its 
pre-operative value, owing to the development of intrinsic 
tone. By the end of a fortnight the marked hyperaemia 
recorded: immediately after operation in the collaterals of the 
knee and lower part of the thigh had to a great extent sub- 
sided in three out of seven lower limbs. 


4. Large Arteries 
1. Sympathetic Innervation of the Femoral Artery in the Cat 
and Rabbit 
To see if the femoral artery was supplied with sympathetic 
fibres, Kinmonth, Simeone & Perlow (1949) exposed this 
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FIG. 7. EFFECT OF SYMPATHECTOMY ON MUSCLE 
BLOOD FLOW (FOREARM) AND SKIN BLOOD 
FLOW (HAND) 


AVERAGE ARTERIAL BLOOD PRESSURE 


itm 
N 


/ ‘\ HAND BLOOD FLOW 


| 


\ 


i. \ FOREARM 


= FLOW 
wd 


-- O #1 4 


Abscissae : time in days, sympathectomy being performed on day -1 
Ordinates : blood flow in ml./100 ml. tissue/min. 


The averaged results of experiments on six limbs show the effect 
of sympathectomy on muscle (forearm) and skin (hand) blood flow. 
The denervations were performed to prevent excessive sweating; 
hence the responses are those of normal human blood vessels. Note 
that the increase in muscle (forearm) blood flow is slight and transient 


vessel in the groin of cats and rabbits and made serial measure- 
ments of the diameter with a dissecting microscope and micro- 
meter eyepiece during various procedures. Stimulation of the 
sympathetic chain just below the diaphragm caused erection 
of the hairs on the tail and shrinkage of the paw but had no 
effect on the diameter of the femoral artery. Stimulation of 
the central end of the cut brachial plexus, and other procedures 
causing nervous changes in vasomotor tone, did alter the 
width of the femoral artery, but the variations in diameter 
were always related to concomitant fluctuations of arterial! 
blood pressure. The artery behaved like a passive elastic 
tube. Kinmonth er al. (1949) confirmed the observation of 
Barnes & Trueta (1942), that narrowing of the femoral artery 
takes place after release of the circulation in the contralateral 
crushed leg. However, this narrowing was not due to a 
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vasoconstrictor reflex, as Barnes and Trueta thought, but to 
a decrease in arterial blood pressure. 

The only procedures which produced active changes in 
femoral arterial tone were those which were applied directly 
to the artery ; mechanical stimulation (stretching, pinching) 
caused spasm; galvanic stimulation caused dilatation. 
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Chronic occlusive arterial disease of the extremities presents to 
the physician a formidable therapeutic problem, to which the 
many remedies that have been tested and discarded bear 
witness. The introduction of new drugs acting on the peri- 
pheral vascular system has added an impetus to the medical 
treatment of these disorders. Peripheral vascular disease is 
due (if primary diseases of veins and lymphatics are excluded) 
to atherosclerosis, the acute and chronic results of emboli, 
the rarer conditions of external iliac thrombosis and primary 
popliteal thrombosis (Boyd ef al. 1949; Boyd & Jepson, 
1950), and thromboangiitis obliterans. Disorders, such as 
Raynaud’s disease and Raynaud’s phenomenon, which are 
characterized by undue sensitivity of digital arteries to cold and 
trauma, also occupy an important place. 

Since we have no curative means at our disposal, treatment 
of these diseases must be directed at minimizing their effects, 
and it is essential that a balanced and co-ordinated plan of 
treatment be undertaken in close collaboration with the 
vascular surgeon.! With this background in mind, the detailed 
medical therapeutic measures will be outlined. The symptoms 
and signs of peripheral vascular disease are the result of im- 


paired blood flow either to muscle and skin or to both struc-: 


tures, and treatment is therefore directed at increasing the 
blood supply and preserving tissue by minimizing the effects 
of ischaemia, particularly on the skin. 


1. Measures to Improve Cutaneous Blood Flow 


a. Physical Methods 


The cutaneous blood flow is subject to control by the auto- 
nomic nervous system. Interruption of sympathetic tonic 


in See Learmonth, p. 375 of this Bulletin. 


vasoconstrictor impulses causes dilatation of the skin blood 
vessels and an increase in blood flow. This effect can be 
utilized in treatment by the simple method of reflex heating. 
Application of heat to the trunk or to the unaffected extremi- 
ties causes reflex dilatation in the affected limbs, and increases 
the cutaneous blood flow (Lewis & Pickering, 1931). This 
manoeuvre is frequently used to test the ability of vessels to 
dilate, but its value as a therapeutic measure is not sufficiently 
realized. The patient can easily carry out this simple treat- 
ment at home by immersing the unaffected limbs in hot water 
or by heating the trunk with hot-water bottles or an electric 
blanket. Adequate vasodilatation may not be achieved un- 
less the room temperature is above 20° C. 

Application of heat directly to the ischaemic parts is 
definitely harmful. Local heat raises the metabolism of the 
area to which it is applied and may aggravate or precipitate 
tissue necrosis if the blood supply is inadequate to meet the 
increased demand (LeFevre, 1951). The limb should be kept 
cool, its own heat being maintained by the application of 
heat-retaining garments or dressings. Extreme cold, apart 
from aggravating symptoms, may also increase ischaemia. It 
is important that patients should be specifically warned against 
the understandable tendency to employ local forms of heat. 

The principle of resting the ischaemic extremities is a sound 
one, and the position of the limb during rest may be of some 
importance. Wilkins, Halperin & Litter (1950) claimed an 
increase of 15° in blood flow in a limb in the dependent—as 
compared with the horizontal—position. They pointed out 
that this increase applies only if the limb alone is vertical, 
because when the whole body is in the upright position, reflex 
vasoconstriction occurs in the lower limbs in order to main- 
tain blood pressure. They also showed that the presence of 
any tension in the limb (such as would be produced by 
exercise) at once reduces the flow. Goetz (1950), using digital 
plethysmography and skin temperature measurements, found 
that although the skin temperature of a limb increased with 
dependency, the cutaneous blood flow was actually reduced. 
He claimed that the increase in skin temperature was due to 
pooling of venous blood. Personal experience and the some- 
what conflicting views of these workers suggest that the most 
satisfactory position for the ischaemic limb is horizontal or 
slightly dependent. 

The use of instruments to produce intermittent occlusion of 
the veins of a limb by rhythmical compression and release of 
the muscles is unsound. The local pressure on the skin may 
damage the skin capillaries, and it is doubtful whether any 
useful increase of blood flow in the limb results. Experiments 
on the hind limbs of cats (Thompson & Vane, 1951, 1952) 
indicate that the increase in blood flow following occlusion is 
transient and does not compensate for the reduction in flow 
during occlusion. Injection of Thorotrast into the cuffed limb 
showed that filling of the vessels below the cuff was delayed 
and that there was a decrease in the number of small vessels 
visualized. 

In the present writer’s view, attempts to produce an increase 
in cutaneous blood flow by physical methods are best confined 
to rest and reflex heating. 


b. Vasodilator Drugs 


Many drugs have in the past been used for the purpose of 
dilating peripheral blood vessels, but the majority has now 
been discarded in favour of newer and more specific sub- 
stances, and will not be discussed. The action of these newer 
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compounds depends upon the production of an autonomic 
ganglionic blockade which inhibits sympathetic constrictor 
impulses, upon adrenolytic or sympatholytic properties or, 
finally, upon a specific local action upon the vessel wall. 
Substances which produce autonomic blockade and vaso- 
dilatation as a result of interruption of tonic sympathetic 
constrictor impulses have the disadvantage that they also 
produce generalized vasodilatation, and reduce blood pressure. 
Moreover, their action tends to be transient and, since many 
of them cannot be given by mouth, they have little or no place 
in the treatment of chronic occlusive arterial disease. The 
principle of producing widespread vasodilatation by drugs, 
rather than localized vasodilatation by sympathectomy, has 
been questioned by DeBakey, Creed & Woodhall (1950). 
With the latter procedure, it is claimed that the localized 
vasodilatation produces compensatory constriction else- 
where in the vascular bed, from which the denervated limb 
** borrows ” blood to increase its own blood supply. If vaso- 
constriction has been abolished throughout the whole vascular 
bed of the body, this “ borrowing” cannot occur and the 
total blood flow to the ischaemic limb may not be greatly 
increased. The ideal vasodilator drug is one which will pro- 
duce a sustained dilatation in the peripheral vessels without 
producing widespread vasodilatation and significant hypo- 
tension, does not produce toxic effects, can be given by mouth 
over long periods, and to which the patient does not develop 
resistance. 

i. Tetraethylammonium salts. These substances act by 
producing autonomic ganglion blockade, and an increase in 
skin temperature has been reported after their use by Lyons 
et al. (1947). Their action, however, is transient, considerable 
hypotension often occurs, and the concomitant parasympa- 
thetic inhibition may produce unpleasant or even dangerous 
side-reactions. They cannot be given by mouth. 

ii. Methonium compounds. Pentamethonium and hexa- 
methonium salts are also capable of producing vasodilatation 
by acting in the same fashion (Arnold, Goetz & Rosenheim, 
1949; Burt & Graham, 1950), but similar objections apply. 
Both these drugs can be given by mouth, but absorption is 
uncertain and paralysis of the gut a danger. 

iii. Dibenamine (NN-dibenzyl-8-chlorethylamine). This 
agent, which is chemically allied to the nitrogen mustards, 
blocks the vasopressor response to adrenaline at the effector 
cell, and produces vasodilatation in the skin. Its action may 
persist for two to three days, but hypotension, central nervous 
stimulation, and the necessity for parenteral administration are 
serious disadvantages. 

iv. Benzodioxane (2: 4-dimethylpiperidylmethyl-2: 3-dihydro- 
1: 4-dioxin). The sympathomimetic amine phenylethylamine 
is made adrenolytic by the addition of an oxygen atom, and is 
therefore capable of producing peripheral vasodilatation. Toxic 
reactions preclude its use as a therapeutic agent. 

At the present time, there is no ideal vasodilating drug. 
There are, however, substances which fulfil some of the 
criteria which have been mentioned and these will now be 
discussed. 

v. Iminazoline (dihydroglyoxaline) compounds: Priscol 
(Priscoline) (2-benzyl-4 : 5-dihydroglyoxaline hydrochloride). 
The actions of this complex substance have been carefully 
studied by Ahlquist, Huggins & Woodbury (1947). It has 
both an adrenolytic and selective sympathomimetic antipressor 
action, with which is combined a direct antispasmodic action 
on the blood-vessel wall (Grimson et al. 1948; Lynn, 1950). 


When given by injection, Priscol produces a considerable 
crease in skin blood flow and a slight increase in muscle blo» 
flow (Lynn, 1950); the hypotensive effect is slight (Grim: ) 
et al. 1948). The effectiveness of oral Priscol has b 
questioned by Lynn (1950), but observations by Douthw 
& Finnegan (1950) and by Goodwin & Kaplan (1951) indic :te 
that when given by this route it has a definite vasodilat 
effect on cutaneous vessels, mainly on the digital arte: 
While the action is most striking in patients with Rayna 
phenomenon (Douthwaite & Finnegan, 1950), the cause 
which is arterial spasm as a result of undue sensitivity to cc « 
definite improvement can be obtained in patients with occlus ve 
vascular disease. Evidence of an increase in skin blood fi 
(measured by skin temperature and fluorescein circulat 
rate) was found in 12 patients with occlusive disease, who w 
treated by the oral route for periods up to 12 weeks (Good 
& Kaplan, 1951). Further study of these patients by the 
present writer shows that the long-term results are slightly ! 
satisfactory. Of 22 such patients treated, all obtained ini: 
improvement for up to two months. Seven patients could 

be satisfactorily followed up, but further information 
available on the remaining 15. Ten of these have now b: 
followed up for periods varying from 6 to 18 months, and 
have shown continued response to Priscol, although sev« 
patients omitted the drug from time to time. On re-start 
Priscol, they noticed an increase in warmth of the feet a 
diminution, or disappearance of, coldness and paraesthesia. 
Skin nutrition remained adequate. Of the other five patients 
who have been followed up, four came to sympathectomy alice 
an initial satisfactory response to Priscol for four to eig! 
weeks. In these cases the skin blood flow appeared to 
somewhat greater after sympathectomy than while the patients 
were on Priscol and in one patient a small patch of ear! 
digital gangrene, which had been refractory to Priscol thera; 
resolved after operation. One further patient, who had pre 
viously had a sympathectomy and an Achilles tenectomy, bi 
still complained of symptoms of ischaemia of the skin an 
intermittent claudication, obtained little or no benefit fro: 
Priscol. All these patients had severe degrees of disease and, 
in three, arteriography revealed thrombosis of the femoro- 
popliteal artery and widespread disease. The young 
patient was 44 and the eldest 75 years of age. The dosage o 
Priscol used was 25-100 mg. three times a day, according : 
tolerance. Minor side-effects, such as dizziness, headaches, 
palpitations and goose-flesh, were common, but could he 
minimized by adjusting the dosage. The effect on claudic::- 
tion was unremarkable though improvement was claimed 
some patients. 

The difficulty of assessing long-term therapy lies in onc 
inability to judge the progress of the disease. If the develon- 
ment of collateral vessels proceeds rapidly in response to sk 
occlusion of main vessels, considerable improvement mi; 
occur, which is only partly the result of treatment. If, how- 
ever, the collateral vessels are also extensively involved, furt! 
progress of the disease in the main vessels will be accompanic 
by steady deterioration, which will be little influenced by 
therapy. 

It may be concluded that Prisco! is of some value in t! 
long-term treatment of occlusive disease, but that sympathe 
tomy often produces a greater degree of cutaneous vasodilati:- 
tion and will be necessary in a proportion of cases. 

vi. Hydrogenated alkaloids of ergot. Hydrogenatio: 
abolishes the vasoconstrictor properties of the ergot alkaloic 
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but does not alter their sympatholytic effect. They exert a 
sympatholytic and antipressor action, acting as adrenergic 
blocking agents, and have a central effect which decreases 
vascular tone. A combination of three alkaloids (dihydroergo- 
kryptine, dihydroergocristine and dihydroergocornine), known 
as Hydergine, has been used in the treatment of peripheral 
vascular disease by Kappert & Hadorn (1950). Oral adminis- 
tration (6-8 drops three times a day initially, increasing to a 
maximum of 35 three times a day) was claimed to produce 
onsiderable improvement in 49% of 51 cases with organic 
cclusive disease, some improvement in 28% and no improve- 
nent in 9%. Side-effects in the form of gastrointestinal 
‘isturbances occurred in only 5%. The effect on blood 
ressure was not mentioned, but Gibbs (1952) noted a fall in 
lood pressure in hypertensive patients who were given com- 
ined oral and parenteral Hydergine. 

vii. Roniacol (3-hydroxymethylpyridine), given orally in 
oses of 100 mg. three times a day, has been reported by 
‘amuels & Padernacht (1950) as having a promising dilating 
ction upon peripheral skin vessels. The mode of action of 
ihis substance is not stated. 

viii. Cyclospasmol (3:5: 5-trimethylcyclohexyl mandelate). 
‘he action of Cyclospasmol has been investigated following 
he report of Macht (1922) that derivatives of mandelic acid 
ave spasmolytic properties. Preliminary reports by Funcke 
(1951) and by Herschel (1951) suggest that Cyclospasmol has 

direct vasodilating action upon peripheral vessels both in 
:nimals and in patients with peripheral vascular disease. The 
‘resent writer’s preliminary trials tend to confirm this, but do 
ot yet warrant a definite conclusion. 

Priscol appears to be the most satisfactory drug at present 
vailable for augmenting skin blood flow. It can be given by 
nouth for long periods and patients do not apparently 

develop resistance to it. Its local action upon the blood-vessel 
vall and the absence of generalized vasodilatation and 
hypotension are additional advantages. 


2. Treatment of Intermittent Claudication 


There is no convincing evidence that any form of vaso- 
dilator drug or medical treatment increases muscle blood 
flow sufficiently to improve intermittent claudication. 
Shepherd (1950a), using a special ergographic method and 
measuring calf blood flow before and immediately after a 
calculated amount of exercise, found no increase after the 
administration of padutin, an insulin-free pancreatic extract, 
or after tetraethylammonium bromide. Hamilton & Wilson 
(1952) found no improvement in claudication after the use of 
a number of vasodilating substances given by mouth and by 
injection ; these included Priscol, tetraethylammonium salts, 
testosterone and nicotinic acid. This is not surprising if it is 
remembered that sympathectomy frequently fails to influence 
claudication. Anaemia should be looked for and treated if 
present, since it may precipitate or aggravate claudication 
(Pickering & Wayne, 1933). 


3. Care of the Feet 


Adequate foot care is of vital importance. The entry of 
organisms through fissures in hard ischaemic skin may set up 
ntractable infection and precipitate gangrene. Nails should 
be carefully trimmed and loose skin tags clipped away. The 


feet should be kept dry and a talc dusting powder used daily; 
the skin may be kept soft and supple by the daily inunction of 
lanolin. The importance of fungus as a source of deep in- 
fection in the foot is stressed by Samuels (1950), and such cases 
should be treated promptly, preferably by one of the newer 
fungicidal preparations, such as undecylenic ointment. If any 
local infection or gangrene is present, every effort should be 
made to eradicate this by the use of parenteral chemotherapy, 
although adequate concentrations of antibiotics may some- 
times fail to reach the area owing to the impaired blood flow. 
Ischaemic ulcers often harbour penicillin-resistant organisms 
and, if possible, the bacteriology of the ulcer should be 
determined. Local application of penicillin and sulphon- 
amides is undesirable owing to the risk of sensitization. 
Sloughs and dead skin should be gently removed with warm 
saline packs, and dry dressings or tulle grass employed. 
Proflavine hemisulphate is a useful local antiseptic but is 
undesirable because it tends to delay healing. When penicillin- 
resistant organisms are present, tyrothricin cream is often 
of value. These measures must be combined with efforts to 
produce vasodilatation in the ischaemic part, and control of 
diabetes mellitus, when present, is essential. In spite of this, 
amputation will sometimes be necessary, and although the 
indications are outside the scope of this review, it should be 
remembered that persistent rest pain, particularly at night, is 
of grave omen. 


4. Treatment of Acute Arterial Occlusion 


The effects of acute arterial occlusion depend upon the size 
of the vessel involved and the size of the collateral channels. 
When a large artery, such as the femoral, is suddenly blocked 
by an embolus, acute signs of ischaemia develop in the lower 
limb. The embolus may extend proximally and distally and 
block the collateral vessels (Pickering, 1951). Until recently, 
the shrinking of the vascular tree which occurs distal to the 
occlusion has been attributed to spasm, but according to 
Kinmonth, Simeone & Perlow (1949) it is the result of a sudden 
fall in blood pressure. Shepherd (1950b) showed that 
occlusion of the femoral artery by external pressure was 
followed by an immediate fall of calf blood flow, which was 
succeeded by a return to the pre-occlusion level as a result of 
dilatation of collaterals. Edholm, Howarth & Sharpey-Schafer 
(1951) showed that the resting blood flow in limbs with throm- 
bosed arteries may actually be increased rather than reduced. 
These observations cannot be assumed entirely to exclude 
spasm in the special circumstances attendant upon the sudden 
impaction of an embolus in an artery, but, whatever the 
mechanism, the resultant intense ischaemia frequently con- 
stitutes a serious medical emergency. Treatment is aimed at 
dilatation of the non-occluded vessels and prevention of 
extension of the embolus. Immediate analgesia will often be 
required for the relief of pain, but it should be noted that 
morphine tends to produce plain muscle spasm and that a 
preparation of total opium alkaloids (omnopon, 20 mg.) is 
preferable. Pethidine (25-100 mg.), which also has an anti- 
spasmodic action, is also effective. The limb should be 
exposed to the air and the trunk warmed with blankets and 
hot-water bottles to induce dilatation of the smaller peri- 
pheral vessels in the affected limb. Heparin (50-100 mg.) 
should be given intravenously to prevent further spread of the 
embolus and, if the artery is accessible, the injection of 
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10-25 mg. of Priscol will produce striking dilatation of col- 
lateral vessels. Priscol may also be given parenterally in 
doses not exceeding 25 mg. four-hourly. Anticoagulant 
therapy should be continued with intravenous or intra- 
muscular heparin, and a further 50 mg. given four hours later 
by the intravenous route, since heparin has a vasodilating as 
well as an anticoagulant effect (Abrahams & Howarth, 1950). 
It should be used for the first 12 hours, after which one of the 
coumarin drugs may be substituted. The practice of para- 
vertebral procaine block is unwise, and the present author has 
seen a fatal retroperitoneal haematoma develop when this 
manoeuvre was carried out during the administration of 
heparin. Kinmonth (1952) has shown that nervous impulses 
play no part in the production of spasm in large arteries, so 
that the intra-arterial injection of a substance which acts 
directly on the vessel wall is a rational procedure. If, after a 
maximum of four hours’ treatment, signs of severe ischaemia 
are still present, embolectomy must be considered. With the 
exception of saddle embolus of the aorta, this is not usually 
required. When an embolus is arrested at the aortic bifurca- 
tion, however, embolectomy is essential and should be per- 
formed as soon as possible, although a successful result has 
been achieved after as long a delay as eight hours (Shipman & 
Goodwin, 1951). 


REFERENCES 


Abrahams, D. G. & Howarth, S. (1950) Brit. Heart J. 12, 429 

Ahlquist, R. P., Huggins, R. A. & Woodbury, R. A. (1947) 
J. Pharmacol. 89, 271 

Arnold, P., Goetz, R. H. & Rosenheim, M. L. (1949) Lancet, 2, 
408 


Boyd, A. M., Hall, A. H., Jepson, R. P. & James, G. W. H. (1949) 
J. Bone Jt Surg. 31-B, 325 

Boyd, A. M. & Jepson, R. P. (1950) Brit. med. J. 1, 1457 

Burt, C. C. & Graham, A. J. P. (1950) Brit. med. J. 1, 455 

DeBakey, M. E., Creed, O. & Woodhall, J. P. (1950) J. Amer. 
med. Ass. 144, 1227 

Douthwaite, A. H. & Finnegan, T. R. L. (1950) Brit. med. J. 1, 
869 


Edholm, O. G., Howarth, S. & Sharpey-Schafer, E. P. (1951) 
Clin. Sci. 10, 361 

Funcke, A. B. H. (1951) Geneesk. Gids, 29, 23 

Gibbs, D. F. (1952) Brit. Heart J. 14, 77 

Goetz, R. H. (1950) Circulation, 1, 56 

Goodwin, J. F. & Kaplan, S. (1951) Brit. med. J. 1, 1102 

Grimson, K. S., Reardan, M. J., Marzoni, F. A. & Hendrix, P. 
(1948) Ann. Surg. 127, 968 

nanan, M. & Wilson, G. M. (1952) Quart. J. Med. n.s. 21, 
169 


5. General Management of Occlusive Arterial Vasculz- 
Disease 

It is important to realize that time should not be waste 
solely on medical treatment in certain forms of occlusi\ 
disease. Patients with localized arterial blocks with otherwi 
healthy vessels should be considered for the newer procedur: 
of excision and venous grafting, endarteriectomy or arterie: 
tomy. High femoral blocks and external iliac blocks ma 
require sympathectomy. Surgical procedures may and ofte ) 
should be supplemented by medical treatment, and Priscol c: 
be used to potentiate the effect of sympathectomy. Converse! 
many patients with diffuse arterial disease which cannot |» 
treated by a direct surgical approach will require sympathe 
tomy or procedures to relieve claudication as well as treatme 
by vasodilators and other medical measures. Smoking 
absolutely contra-indicated in thromboangiitis obliterans. 

For these reasons, patients with peripheral vascular disea 
should be seen in consultation by both physician and surgeo 
who together can plan the therapeutic regime, which should | 
considered in terms, not of days or weeks, but of months « 
years. Only in this way can the rather inadequate measur: 
at our disposal be used to the fullest advantage to minimi: 
the morbidity and misery for which this group of diseases 
so often responsible. 


Herschel, J. G. (1951) Geneesk. Gids, 29, 26 

Kappert, A. & Hadorn, W. (1950) Angiology, 1, 520 

Kinmonth, J. B. (1952) Brit. med. J. 1, 59 

Kinmonth, J. B., Simeone, F. A. & Perlow, V. (1949) Surgery, 
26, 452 

LeFevre, F. (1951) J. Amer. med. Ass. 147, 1401 

Lewis, T. & Pickering, G. W. (1931) Heart, 16, 33 

Lynn, R. B. (1950) Lancet, 2, 676 

Lyons, R. H., Moe, G. U., Neligh, R. B., Hoobler, S. W 
Campbell, K. N., Berry, R. I. & Renwick, B. R. (1947) Ame 
J. med. Sci. 213, 315 

Macht, D. I. (1922) J. Amer. pharm. Ass. (Sci. Ed.) 11, 882 

Pickering, G. W. (1951) Lancet, 2, 845 

Pickering, G. W. & Wayne, E. J. (1933) Clin. Sci. 1, 305 

Samuels, S. S. (1950) Angiology, 1, 448 

Samuels, S. S. & Padernacht, E. D. (1950) Angiology, 1, 236 

Shepherd, J. T. (1950a) Brit. med. J. 2, 1413 

Shepherd, J. T. (1950b) Clin. Sci. 9, 355 

Shipman, J. J. & Goodwin, J. F. (1951) Lancet, 2, 133 

Thompson, J. E. & Vane, J. R. (1951) Lancet, 1, 380 

Thompson, J. E. & Vane, J. R. (1952) Surgery, 31, 55 

“a R. W., Halperin, M. H. & Litter, J. (1950) Circulatio 

oF 


Brit. med. Bul!. 1952 





SURGERY IN OBLITERATIVE ARTERIAL DISEASE James Learmonth & A. J. Slessor 


SURGERY IN OBLITERATIVE 
ARTERIAL DISEASE 


Sir JAMES LEARMONTH K.C.V.O. C.B.E. Ch.M. 
F.R.C.S. Ed. 


Regius Professor of Clinical Surgery and Professor of Surgery 
University of Edinburgh 


A. J. SLESSOR M.V.O. F.R.C.S. 


Assistant Surgeon 
Edinburgh Northern Group of Hospitals 


A Improvement in tissue nutrition 

1 Selection of patients for sympathectomy 
a Age of the patient 
b Symptomatology 
c Special investigations 

2 Lumbar sympathectomy 
a Operation 
b Chemical sympathectomy 

3 Pharmacological vasodilators 


B Relief of intermittent claudication 
4 Paresis by neurectomy 
5 Tenotomy of the tendo achillis 
6 Fixation by a check iron 


C Amputation : 
7 Local amputation 
8 Proximal amputation 


References 


Surgery has an important part in the treatment of obliterative 
arterial disease, but it is to be emphasized that it is only a part. 
If one excludes from consideration those patients who require 
amputation, the final confession of failure of all forms of 
treatment, it is true to say that more are treated by conserva- 
tive than by surgical measures. It is also true to say that 
surgery is likely to be useless unless so-called “ conservative ” 
measures also are employed: in particular, avoidance of 
exposure to cold and trauma, abstinence from tobacco, 
reduction in weight when necessary, attention to the condition 
of the blood, control of diabetes, and regulation of the patient’s 
life to the physical capacity of his limbs. 

Surgery in arterial disease has three main objectives : firstly, 
improvement of tissue nutrition in the distal part of the limb ; 
secondly, amelioration of pain arising from the activity of 
muscles of the legs ; and thirdly, removal of gangrenous tissue 
by amputation. It is convenient to consider each objective in 
turn, together with the selection of patients for the appropriate 
procedure. 


A. IMPROVEMENT IN TISSUE NUTRITION 


Little use has been made of arteriectomy—which may 
improve distal nutrition by relieving spasm in collateral 
vessels (Leriche & Stricker, 1933)—or of excision of a throm- 
bosed segment of artery and its replacement by vein or by 


stored arterial graft, because it is appreciated that in Britain 
obliterative arterial disease tends to be widespread, although 
blocking by thrombus may be local at the time of examination. 
“* Désoblitération ” (dos Santos, 1947; Reboul & Laubry, 
1950), the excision of thrombus with repair of the artery, has 
been little practised. Sympathectomy is favoured as the 
operation of choice. 


1. Selection of Patients for Sympathectomy 


Careful selection is essential and is based on three main 
factors: the age of the patient, the symptomatology, and 
the results of certain special investigations. 


a. Age of the Patient 


In general it is agreed that the upper age limit is about 
60 years, although on occasion older patients may be accepted 
(Learmonth, 1950). 


b. Symptomatology 


It is known that the mechanism for increasing blood flow in 
a normal muscle during activity is the vasodilatation of the 
intramuscular vessels brought about by metabolites produced 
during the activity ; release of vasoconstrictor tone and active 
vasodilatation by nervous impulses are of little importance. 
Sympathectomy has therefore no direct effect on the vessels of 
ischaemic muscle, and must not be offered solely in order to 
relieve intermittent claudication. It is correct to advise 
sympathectomy when claudication in the calf is the main 
symptom in only two circumstances : firstly, if there is serious 
nutritional impairment in the distal part of the limb, which 
may indicate the possibility of impending gangrene; and 
secondly, if the arterial block is high in the limb, for example, 
high femoral or iliac. In the second circumstance, sympathec- 
tomy may allow refilling of the main trunks below the 
thrombus and so improve muscle nutrition during exercise. 

Coldness and paraesthesia, which are often precursors of 
rest pain, and rest pain itself, are indications of different 
degrees of ischaemia of the skin, and after further evaluation 
sympathectomy must be considered for these symptoms. When 
there is a small persistent ulcer, or local gangrene limited to 
part of a toe, sympathectomy may encourage healing of the 
ulcer, or restrict the gangrene. The present authors’ ex- 
perience suggests that the operation is likely to be most useful 
when the arterial block is distal, but in most cases of high 
block and occasionally in aortic thrombosis the results are 
satisfactory. 

Careful assessment of the heart is required to exclude from 
operation any patient who might overtax his cardiac reserve 
if his leg were much improved by operation. 


c. Special Investigations 


i. Estimation of skin temperature 

In the healthy subject, warming of an upper limb by im- 
mersion in water at 45° C., or by envelopment in an electric 
blanket, induces reflex vasodilatation in the other three limbs ; 
this procedure may be used to test the possibility of vasodila- 
tation in the diseased arterial tree of a limb, the skin tempera- 
ture of fingers or toes being measured by the use of a copper- 
constantan thermocouple. The room temperature should be 


* See Barcroft, p. 363 of this Bulletin. 
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about 20° C. and should be thermostatically controlled. The 
foot should be exposed for a period during which control 
observations are made. The skin temperature of the toes 
normally begins to rise after about 15 minutes’ heating of the 
arm, and ultimately reaches a level of about 33°C. In arterial 
disease, reflex vasodilatation may be impossible since the 
vessels may be incapable of dilating ; if reflex vasodilatation 
does occur, however, it indicates that some degree of dilata- 
tion is possible, and that sympathectomy is likely to improve 
the nutrition of the distal parts of the limb. 

Unfortunately the method is not infallible. Richards (1946) 
and Pickering & Hess (1933) have shown that reflex vasodila- 
tation may not occur in the lower limbs even in the absence of 
nervous or arterial disease. It may be also that, in arterial 
disease, spasm is so extreme that reflex vasodilatation cannot 
occur, and yet the vessels will dilate after sympathectomy ; 
in the investigation of equivocal cases it has been found 
advisable to cover the foot loosely with a blanket, af.er which 
a rise in skin temperature may occur. Reflex vasodilatation is 
an index of the ability of distal tissues to obtain extra nutrition 
on demand, as in infection and after trauma ; it is an index of 
the probability or otherwise of the onset of' gangrene. It is not, 
however, a true index of the volume of blood which can flow 
through the tissues; this is most accurately measured by 
plethysmography. 


ii. Estimation of blood flow by plethysmography 

By plethysmography an accurate estimate can be made of 
skin blood flow in a toe, the fore-foot and to a less extent the 
foot ; an estimate of muscle blood flow in the calf can also be 
obtained. In essence the method involves the occlusion of the 
venous return from the part by a cuff inflated to a pressure of 
below 30 mm. Hg; the arterial blood enters and the increase 
in volume is measured by the plethysmograph, the result being 
expressed in millilitres of flow per 100 ml. of the volume of 
the part per minute. The response to heating of an indifferent 
limb is recorded and the ability of the part to increase its blood 
flow is thus determined. 


iii. Oscillometry 

The oscillometer has its greatest use in giving objective 
evidence of improvement or deterioration in pulsation at any 
one level of the limb of any one patient, over the course of 
time or after sympathectomy. On each examination the 


environment of the patient and his metabolic state should be 
the same. 


iv. Radiography 


Oblique views of the leg, lateral views of the knee and antero- 
posterior views of the thigh and the pelvis may be taken to 
demonstrate the presence or absence of calcification in the 
walls of the arterial tree. While calcification confirms the 
diagnosis of atherosclerosis, it gives little help in deciding for 
or against sympathectomy. Arteries which show calcified 
plaques throughout their length may well be capable of 
spasm, or may be the cause of spasm in collaterals which 
should by-pass a thrombosed segment; it may be that 
sympathectomy will relieve the spasm. In Ménckeberg’s 
sclerosis, the vessels may show as “ pipe-stems ” over con- 
siderable segments, yet in this condition nutritional lesions in 
the distal part of the limb are infrequent. Radiographs have 
their greatest use in the differential diagnosis between thrombo- 
angiitis obliterans and arteriosclerosis in the fifth decade ; 


a calcified plaque, however small, indicates that the condition 
is arteriosclerosis. 


v. Arteriography 


Arteriography performed according to the technicue 
described by Learmonth (1944) outlines the arterial tre, 
demonstrates the level of blockage and indicates the av.:.l- 
ability of collateral flow. As a diagnostic procedure, ii is 
useful only in early cases ; its routine use is not regarded as 
necessary. On the rare occasions when sympathectomy is 
being considered and claudication is the main symptom, 
arteriography may be used to show the degree of refilling of 
the main vessels below the block and so may help the surgeon 
to reach a decision regarding operation. When the periphe;al 
pulses are relatively strong, it can also demonstrate the extent 
of the changes in the main vessels. 

On the whole it is doubtful if these special investigations ¢:in 
do more than confirm the findings of a careful clinical examin - 
tion, and we believe that their value in the selection of patierts 
for sympathectomy is limited. It is probable that when 
sympathectomy warms a limb, which has not undergone 
reflex vasodilatation on repeated trial, post-operative dila‘ .- 
tion is unlikely to be maintained and evidence of serious 
peripheral ischaemia will be seen within twelve months. 


2. Lumbar Sympathectomy 
a. Operation 


The standard operation is performed through an incision 
10 cm. in length, beginning immediately below the tip of the 
twelfth rib and extending forwards towards the umbilicus ; 
the muscles are divided in the same line. The peritoneum is 
displaced forwards and medially together with the testicular 
or Ovarian vessels and ureter, to expose the genito-femoral 
nerve on the surface of the psoas major. The inferior vena 
cava on the right side, and to a less extent the aorta on the left 
side, require careful retraction medially ; if the aorta needs 
much retraction, it is best done gently by the assistant’s hand, 
since firm pressure from a metal retractor may precipitate 
thrombosis in an atheromatous aorta. The sympathetic chain 
is found on the vertebral bodies at the medial border of psoas. 
It is picked up by a blunt hook, and all its branches are divided 
by scissors ; at this stage lumbar veins in front of the chain 
are recognized, a finding more common on the right side than 
on the left. The chain is followed upwards until the fascial 
(occasionally muscular) prolongation from the crus of the 
diaphragm is reached ; the fascia (muscle) is split to expose 
the first lumbar ganglion, which is recognized by the oblique 
direction in which its rami enter it from above. The chain is 
divided above the first lumbar ganglion and we recommend 
that, in all, 10 cm. of chain be removed, irrespective of the 
position of ganglia distal to the first lumbar, or indeed of 
complete absence of other ganglia; during its removal the 
chain is carefully drawn under any lumbar veins which may 
pass anterior to it. The muscles are closed in layers wit’) 
catgut sutures, and the skin with fine continuous catg: 
supplemented by an anchor dressing. 

When there are already signs of ischaemia in the better le:, 
it is becoming increasingly common to remove the sympathet 
chain on both sides at one operation. The bilateral operatio 1 
is tolerated as well as is the unilateral operation. . 

When lumbar sympathectomy is undertaken for aorti: 
thrombosis, the proper approach is transperitoneal throug! 
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the mid-line of the abdomen, in order to avoid the division of 
vessels, however tiny, which may be participating in the 
tenuous collateral circulation of the lower extremities. The 
anterior parietal peritoneum is opened. On the right side the 
chain is exposed by incising the posterior parietal peritoneum 
on the right side of the vena cava, below and to the left of the 
root of the mesentery, and medial to the ureter ; on the left 
side, the chain is exposed by incising the peritoneum in the 
paracolic gutter and reflecting medially the descending and 
pelvic colon. It is extremely difficult to excise the first lumbar 
canglion by the transperitoneal approach, but in aortic 

rombosis failure to remove this ganglion is preferable to the 
isevitable division of valuable vessels in a muscle-cutting 
lumbar incision. 

Properly performed on carefully selected patients, lumbar 

mpathectomy is an operation with an insignificant mortality 

id one which enhances the nutrition of the distal part of the 
limb in all cases ; as has been said, an index of the permanence 
of the improvement may be obtained before operation by the 
reflex vasodilatation test. In a number of cases, claudication 
distance is increased. 

The side-effects of the operation are (i) anhidrosis of the 
part and (ii) sterility in the male if both first lumbar ganglia 
are excised (this appears not to be invariable). Occasionally 

third side-effect occurs : about the seventh day after opera- 

on the patient experiences pain in the thigh, especially at 
night ; the pain is described as gnawing and deep-seated in the 
thigh, but the skin over the outer and anterior aspects of the 


imb may be hyperaesthetic, so. that the touch of bed-clothes, - 


or later, of underwear, may cause annoyance. The probable 
ause of this pain lies in the degeneration of the white rami 
‘ommunicantes connecting with the second and possibly with 
he third lumbar spinal segment. As a rule, the intensity of 
the discomfort diminishes in about three weeks, and since the 
ain always ultimately disappears, there is no need to restrict 
analgesics during the unpleasant phase. 


b. Chemical Sympathectomy 


Persistent lumbar sympathetic block by the paravertebral 
injection of alcohol and permanent block by the injection of 
phenol (Haxton, 1949) are measures which may be utilized in 
the elderly patient who is unsuitable for operation. If care- 
fully performed, the procedure is not dangerous to life, but, as 
in the case of alcohol block of the cervico-dorsal ganglia for 
intractable angina pectoris, a proportion of patients have 
some neuritic pain afterwards, mainly in the distribution of 
the genito-femoral nerve, and persistent paresis of the quadri- 
ceps femoris has also resulted. 


3. Pharmacological Vasodilators 


While the lower extremities undoubtedly differ from the 
upper in their response to certain drugs, for example, hexa- 
methonium iodide (Burt & Graham, 1950), sufficient selectivity 
of action has not yet been found after the oral administra- 
tion of any one drug to produce appreciable vasodilatation of 
the skin in lower extremities, the site of obliterative arterial 
disease. Pentamethonium iodide is valuable in investigation 
(Arnold, Goetz & Rosenheim, 1949), but not in treatment. 

The multiplicity of alleged vasodilating drugs? indicates 
their usual failure in the treatment of peripheral arterial 
disease, although on occasion apparent benefit is produced, 





* See Goodwin, p. 371 of this Bulletin. 


for example, with benzyl iminazoline (Priscol) (Douthwaite & 
Finnegan, 1950) ; it is of interest that in the legs intermittent 
claudication, in addition to peripheral nutrition, appears 
to be improved. In our experience, a number of patients 
have remarked on a subjective feeling of warmth in the limbs, 
but objectively no change in temperature is demonstrable. It 
is doubtful if these drugs can have any value in insurance 
against tissue loss in obliterative arterial disease. 

Hydergine is still on trial, but it seems probable that its 
main therapeutic place will be in the treatment of vasospastic 
arteriolar conditions such as Raynaud’s disease and Raynaud’s 
phenomenon rather than in obliterative disease. 


B. RELIEF OF INTERMITTENT CLAUDICATION 


When claudication is occurring in the calf, increase in the 
walking distance may follow sympathectomy when the 
arterial block is high, and the classical foct claudication of 
iliac thrombosis is generally improved by sympathectomy. 
When the arterial block is distal, or when the sural arteries 
supplying the calf muscles are themselves blocked, sympathec- 
tomy has no effect on claudication distance ; the latter con- 
dition is diagnosed clinically when typical calf claudication 
occurs in the presence of palpable pulses in ail main vessels. 
Two operations have been devised to relieve the claudication 
or to increase the claudication distance and each does so by 
inactivating the calf muscles, one by denervation and the other 
by tenotomy. Relief may also be obtained by mechanical 
fixation of the ankle joint. 


4. Paresis by Neurectomy 


Through a short vertical incision in the popliteal fossa, the 
muscular branches to the two heads of gastrocnemius and the 
superior branch to soleus are isolated andaboutaninch of each 
is resected. The calf muscles being paralyzed, except the lower 
third of soleus, they no longer claudicate and the patient 
obtains a walking distance some five times greater than his 
pre-operative distance. 

It is to be observed that stagnation of blood in the veins of 
the paralyzed muscle predisposes to thrombosis and it is 
advisable to administer anticoagulants postoperatively as 
well as to support the calf in a crepe bandage, encouraging 
walking from the first day. 


5. Tenotomy of the Tendo Achillis 


This operation has superseded myoneurectomy in some 
clinics (Boyd et al. 1949). Under pentothal anaesthesia, the 
tendon is divided by tenotome just above the heel ; there is no 
bleeding. Patients are encouraged to walk the next day, and 
although some complain of pain at the site of incision, they 
do not experience claudication; the majority are able to 
walk several hundred yards. If bilateral claudication is 
present, the second side is tenotomized a few months after the 
first, the first tendon being by then reconstituted in length by 
fibrous tissue, but without recurrence of claudication. 

Both operations are palliative, and have no objective effect 
on peripheral nutrition, although a number of patients state 
that the foot feels warmer postoperatively. These procedures 
should be undertaken only when the nutrition of the toes and 
foot is satisfactory, with evidence of, at most, only minimal 
ischaemia; on occasion they may be performed after 
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sympathectomy has improved peripheral nutrition while 
leaving a disabling degree of claudication. 


6. Fixation by a Check Iron 


We have found that the use of a check iron which abolishes 
movement at the ankle joint affords relief and allows the 
patient to walk many hundreds of yards without pain. The 
simplicity of the appliance allows its use in many patients who 
must be denied operation, and indeed, since the method was 
first tried, fewer patients have been subjected to palliative 
operation. 


C. AMPUTATION 


Amputation is required when the available circulation is 
insufficient to nourish the peripheral tissues ; in over half the 
cases of gangrene, trauma, however slight, is the precipitating 
factor. Amputation may also be required when the available 
circulation is only just sufficient to keep alive the peripheral 
tissues, but insufficient to prevent the serious precursors of 
gangrene—severe rest pain and ischaemic neuritis. When 
ischaemia becomes acute, pain becomes intolerable, reacts on 
the whole body economy and is itself sufficient indication 
for amputation. In severe spreading infection, amputation is 
rarely required to save life, the antibiotics being efficacious. 

It is convenient to discuss amputation under two headings : 
local and proximal. 


7. Local Amputation 


General anaesthesia must be used, since the tension pro- 
duced by the infiltration of local anaesthetic may so increase 
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the ischaemia as to cause gangrene of the flaps. Circu! 
amputation at the base of a toe is employed for gangrei:e 
restricted to the toe, if a good line of demarcation has forme. 
The toe is disarticulated at the metatarso-phalangeal joi 
with the minimum of handling of the tissues. The skin 
loosely apposed by two or three interrupted sutures. 

In diabetics in whom arterial insufficiency and infection ha: 2 
combined to cause perforating ulcers and osteomyelitis of t\:c 
metatarsal bone, increasing use is being made of local amput :- 
tion of a toe and its metatarsal bone. Perfect control by an:i- 
biotics is essential, and again the flaps should not be too close: 


apposed. 


8. Proximal Amputation 


When gangrene extends on to the dorsum of the foot, or ‘f 
infection spreads froma gangrenous toe along the flexor shea! :, 
local amputation is useless and the only decision to be made ' 
whether an amputation made below the knee will heal. Ve 
feel that when practicable such an amputation should 
performed, in view of the possibility of arterial degeneration 
the other limb. In general, severe infection in the foot i: 
contra-indication to below-knee amputation. When there |: 
doubt it is often advisable to delay decision until the patient 
on the operating table, when the bleeding obtained «0: 
incising the anterolateral leg muscles is a good index of thc 
probable viability of the flaps (Ghormley, 1948). 

The technique of below-knee and above-knee amputatic: 
is standard, and emphasis need be laid only on the stri 
necessity to avoid tourniquets, to use equal flaps, to handle 
tissues gently and by careful suturing to ensure that the fi: 
margins are not constricted. 
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SIR CHARLES SHERRINGTON 
1857-1952 


errington was one of our greatest scientists. In his young 
ys the experimental method of investigating disease was 
ly beginning to come into use. He was advised by Robert 
ch to try for the Indian 
edical Service, and his early 
yerience with cholera in- 
itigations in Spain and Italy 
carly turned him along that 
h. As it happened, how- 
ver, Cambridge and Michael 
ster brought him into 
ysiology, while the brain 
>. periments of Goltz and of 
rrier, together with micro- 
»pical work under Langley, 
ected him towards his life- 
rk on the nervous system. 
There were plenty of 
estions needing answers. 
Vas there really any localiza- 
on on the surface of the 
rain as the fantastic phren- 
logists said there was, and 
ad the reaction from phren- 
ology gone too far? Ferrier 
led the way with sensible 
careful experiments and 
Sherrington was later to 
follow, to amplify and in- 
tensify understanding of the 
brain. What was the spinal 
cord? What did it do, and 
how did it do it? Marshall 
Hall, in spite of wild opposi- 
tion, had clearly established 
it as a centre of reflex action. 
What was the nature of spinal 
refiex action? The knee jerk, 
for example? Sherrington, 
bearing in mind the important discovery by his Spanish 
friend, Ramon y Cajal, of the separateness of each and 
every nerve cell, found out during arduous years of un- 
remitting but cheerful toil that spinal reflex action had all 
those characteristics which are still unchallengeably recog- 
nized: speed of movement, when needed; maintenance of 
position, when needed; abrupt cessation of action, when 
needed—in short, the spinal reflex is purposeful and useful. 
All this is due to nerve centres in the spinal cord, composed 
as they are of the anatomically separate but functionally 
int grated nerve cells of Cajal, receiving messages of harmless 


touch or of imminent danger from the sense organs in the skin, 
as well as from the proprioceptive sense organs of muscles 
themselves. In the centres the nerve cells which control 
muscle fibres are then thrown 
into action—one nerve cell 
domineering over several 
hundred muscle fibres which 
pull as one—the motor unit. 
So the muscular response 
begins and grows, adjusting 
its speed and abruptness and 
strength to the circumstances 
which have called it forth. 
These discoveries, so simply 
summed here, needed years 
of toil for their elucidation. 
More than that—they needed 
insight; and Sherrington 
thought and planned and 
thought again, without all of 
which his experimental results 
would not have had the clear 
message that they had. For 
physiologist or for clinician 
his charting of nerve action 
cleared up many a doubtful 
problem. 

But Sherrington thought of 
other things. What was the 
mind of Jean Fernel, the 
French physician who lived 
when the Renaissance had 
barely reached France? He 
had been tied by astrology, 
but later threw off its bonds. 
Was he a man like us? Could 
a philosopher and biologist in 
our age touch his hand across 
the centuries with brotherly 
understanding? Keats was a help; his thoughts were the 
thoughts of a friend. Goethe? Yes, as a poet, not as a 
biologist, however. The Venetian school of painting, the 
Norwich school, Vermeer—they all gave pleasure and helped 
the philosopher in Sherrington to form his thoughts on the 
greatest question of Life. So when his body became too old 
for active laboratory work, Sherrington was able to employ 
his pen in writing his philosophy, and in winning an ever 
wider audience to contemplate the Nature which he had done 
so much to magnify. 


Portrait by Allan Chappelow B.A. 


E. G. T. Liddell 
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Annotations & News 


AN ANGLO-FRENCH MEDICAL DICTIONARY 


A new dictionary should be, and usually is, approached with 
caution, if not with some suspicion and scepticism, and one must 
beware of accepting anything as good simply because it is the only 
one of its kind. Nevertheless, the lack till now of French-English/ 
English-French mx dical dictionaries makes it inevitable that a new 
one would have to be very bad not to receive a warm welcome from 
translators of medical texts. In the case of Dr Pierre Lépine’s new 
work', it can be seen at once that not only is it not “ very bad”’, 
but that, whatever its faults, it cannot fail to be of considerable 
assistance to translators and others concerned with the solution of 
bilingual problems. 

Dr Lépine is well qualified for his task. He is the head of a 
department of the Institut Pasteur in Paris and has many contacts 
with English-speaking medical and scientific circles, as well as 
teaching experience in both English and French. From 1945 to 
1948 he acted as editor of the French edition of British Medical 
Bulletin (Bulletin Médical Britannique, which ceased publication in 
1948), distributing the English text among a panel of French 
translators and revising the French text afterwards. Although he 
was already aware of the dearth of French-English/English-French 
medical dictionaries, it was largely as a result of this work that the 
crying need for such a dictionary was borne in on him and that he 
accepted, in 1947, the proposal of the Editions Médicales Flam- 
marion that he should compile a dictionary to fulfil this need. 
Mile Krassnoff, who has assisted him in this work, was one of the 
panel of translators who worked on Bulletin Médical Britannique. 

It will be seen, therefore, that both Dr Lépine and his collaborator 
are particularly well equipped for keeping in view the working needs 
of translators, and this is what has been done. There has been no 
attempt to make the dictionary absolutely comprehensive : the 
aim has been to make it a workable tool for translators, editors and 
others, and therefore to avoid making it too cumbersome or too 
full of uncommon words which would only cause confusion. At 
the same time it was felt it would be a mistake to include nothing 
but words in quite common use, thereby failing the user in his 
greatest need. There has therefore had to be considerable selection, 
especially in the case of the English vocabulary, English being 
much richer than French in scientific terms. The result, as Dr 
Lépine says, is a compromise : he has concentrated mainly on 
words and expressions in common use but has also included what 
seemed the most important of the more specialized terms. 

A supplement giving conversion tables is included, and, although 
these are easily available from other sources, they are always a 
useful addition to a technical dictionary. 

The merits and deficiencies of a dictionary can be assessed only 
by use over a considerable period and the reviewer can but note 
points which strike him. Omissions, in particular, are difficult to 
detect at first glance, though it would be a perfect work indeed that 
contained none. A few examples which have been noticed are : 
“contrast medium ’’, which appears under neither “ contrast ”’ 
nor “ medium”, “ BAL (British Anti-Lewisite)”’, and ‘* chlor- 
amphenicol (chloromycetin) ”. Apart from this, the chief criticism 
is that the choice of index words and the use of cross-references— 
two points so closely connected as to be almost one—leave some- 
thing to be desired. The choice of index words seems a little hap- 
hazard, at least from the English point of view. There is a tendency 
to put a term consisting of adjective and noun under the adjectival 
part ; this may well be customary in French, but it is unusual and 
seldom to be recommended in English. In some cases, moreover, 
such a term appears under both noun and adjective with no 
reference from one to the other. For instance, “* ankyroid cavity ”’ 
appears under “ ankyroid ” only, whereas “ spinal cord” is given 
under both “spinal” and “cord”. A further case is that of 
“aliénation mentale”’: it is given (i) as a sub-entry under 
“* mental ’’, with the meaning “ insanity ’’, and (ii) under “ aliéna- 
tion ’’, with the meanings “ alienation, abalienatio mentis ”’. None 
of these entries has any cross-references and one cannot help feeling 
that this may well cause confusion, though it is appreciated that 
excessive cross-references can be merely irritating to the user. 


1 For particulars, see p. 411. 


Again, diseases are sometimes indexed under two different names 
with the simple equivalent in the other language and no cr 
reference to the other name; e.g., “ schistosomiasis’ and “ | 
harziasis ’, two names for the same disease, are indexed gq 
separately. Here, the use of the phrase “ called also” rather t! 
* see also”’’ would seem appropriate and would save the 
turning to the other end of the dictionary, but the absence of 
cross-reference must lead to confusion and error. An exten 
of this problem is that of “* reactions ”’, “* tests ’’, “* diseases ”’, 
Whether they should be listed, as in Dorland’s American illustr. 
medical dictionary, under the generic term, with cross-refere: 
from individual names, e.g., “‘ Wassermann reaction, test... 
under reaction and tests’, is debatable, but here they are inde 
as a general rule, under each individual name, though a few i 
vidual diseases and tests are grouped under “* disease ’’ and “* te 
and again there are no cross-references. This seems a some, 
haphazard arrangement, and the impression given is that, in tr 
to avoid cumbersomeness and a perpetual directing of the user { 
one entry to another, the author has, in some instances, given ri: 
possible confusion by lack of correlation or wasted space by 1 
duplication of information. 

A few minor errors in printing and in English spelling have | 
noticed : for instance, on p. 62, the English “* contrast ”’ is s elt 
““contraste’’ as in French, on p. I of the conversion tailes 
supplement the English “‘ numerical’? has acquired an accent, 
** numérical ’’, and on p. 8 the English word “ abbreviations © is 
spelt with a single “‘b’’. There are, too, a few phrases in Eng’ ish 
notes and headings which, though not incorrect, strike an Eng! «h- 
speaking person as odd, for instance, ‘* Chart of the abbreviations ” 
(better simply “List of abbreviations”). The French word 
** pression ’’ has been used in at least one place (p. 11) instead of 
the English word “ pressure”’ ; this is probably a slip, but leads 
one to suspect that there may be other slips of a similar nature, 
which would need careful checking in a later edition. A more 
serious mistake which has been noticed occurs on pages 256, 338 
and 765, where there are references to “ syndrome d’écrasement 
ou de Bayswater: crushing syndrome ”’, “* Bayswater’s syndrome: 
syndrome d’écrasement”’’ and “crushing syndrome : syndrome 
d’écrasement, syndrome de Bayswater”’. It seems ‘obvious that 
these entries have all been carefully correlated and made consistent, 
but surely “* Bayswater ’’ should, in each case, read ** Bywaters ”’! 
These examples of mistakes have been pointed out to show that 
considerable improvements could be effected simply by particul.rly 
careful checking in a later edition, but they do not mean that 
the general standard of the work is not high. Obviously, there 
has been much careful editing ; the publishers, Editions Médicales 
Flammarion, are also to be congratulated on the high standard 
of production. 

Dr Lépine ends his preface with the remark that the chief merit 
of the dictionary, as it stands, is the fact of its existence. As has 
been said above, this is certainly a great merit, perhaps the chief 
one, but were it the only one it would cease to be a merit at all. It 
would be surprising if such a work did not contain some errors ind 
omissions : certain of these have been noted above and others will 
doubtless come to light in the course of using the dictionary. It 
can, however, safely be said that this work must surely prove a 
most useful tool to translators of medical texts from French ::1to 
English and from English into French, as well as to medical edii.rs, 
librarians and others concerned with medical literature in eithe> of 
these languages. Dr Lépine asks users to notify him of faults :nd 
omissions so that they may be corrected in a later edition. We !ook 
forward to many future editions in which this dictionary will 
gradually improve and expand into a classic and indispensable 
work of reference. 

A. H.-S. 


MEDICAL DICTIONARIES : 
THREE NEW EDITIONS 


In the medical world there are three important types of diction 
There is the work destined to impart information in simple langua 
to the growing army of auxiliary medical personnel—nu 
sanitary inspectors, radiographers, masseuses, chiropodists, 
the now indispensable secretaries and administrators. Secon 
there is the more abstruse dictionary intended mainly for 
individual with medical training, in which a certain amour 
taken for granted and explanation is reduced toa minimum. La:' 
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there is the interlingual medical dictionary, the most difficult of all 
© prepare and therefore the most commonly unsatisfactory. 

For British readers, the best-known representative of the first 
class is Black’s medical dictionary’, a volume which has had the 

.ceptionally long life (for a medical work) of 46 years. There is 
sometimes a tendency to lament the fact that favourite technical 
bvoks after a short and brilliant career die, sometimes with their 

ithor but often because he shrinks from the tedious task of con- 

jued revision. But perhaps it is a good thing that they do, for a 

juctance to alter material (and the unpopularity of extensive 
change with publishers) often leads to the accumulation of obsolete 

itter which no amount of supplementation will bring up to date. 
here is a slight flavour of this about ** Black ’’. Where the subject 
new—for example, penicillin or dicoumarol—it is irreproachably 
p.esented, but where it is old the result of editorial tailoring has not 
ways been a happy one. Nevertheless, because of the wideness 

| its coverage (such entries as “* hypertelorism ”’, “* psammoma ”’, 

d ** gluconeogenesis ”’ are noted) and the simplicity of its style, it 

il remains a “* desert island” book for auxiliary personnel. 

*Dorland”’ ? needs no advertisement. It has serious competitors 
but there are no signs that in its 52 years of life it has been out- 

‘ripped. It remains to note the new features. One is a change in 
the print. Not all changes of this nature are for the better, though 
publishers always insist that they are, but in this case the change is a 
praiseworthy one. Secondly, there is a delightful article on ety- 
mology of medical terms, which may help to stem the tide of 
barbarous pseudo-classical words appearing in the literature. 
Thirdly, there is a most useful list of modern drugs with doses and 

mes of proprietary equivalents. The official names are, alas, 

American, such as “ quinacrine’”’ for *‘ mepacrine’’ and “ tetra- 
caine’ for “* amethocaine’’. Might not British equivalents also 
find a place in the next edition? 

After two mature books we come to a unique youngster. 
Holmstrom’s bibliography! is the much expanded second edition of 
a short list of interlingual technical dictionaries prepared for 
UNESCO not long ago. This work was urgently needed by 
technical translators and they should be grateful that it has been so 
ably done. The compiler has wisely included the names of out-of- 
print works, some of which may still be found in secondhand shops. 
Those who do not share the enthusiasm for decimal systems run 
riot may resent the effort needed in finding one’s way about the 
book. Regrettably, the reviewer’s first attempt at locating a 
standard work was doomed to failure. Lang’s German-English 
medical dictionary, for long the doyen of its class, does not appear 
in the bibliography. In a new work of this kind, however, such 
omissions need not destroy confidence. Readers should be en- 
couraged to look for deficiencies and to report them, so that the 
next edition may become truly authoritative. 

S. S. B. Gilder 


THE WORK OF WHO, 1951 


The latest Report of the Director-General of the World Health 
Organization’ shows the wide field of activities in which WHO is 
engaged, either independently or in collaboration with other 
United Nations organizations or specialized agencies. The report 
covers the third full year of WHO’s work. Dr Brock Chisholm, 
the Director-General, writes of the development of a “ world 
health consciousness ”’ and of a belief in the right to health among 
peoples of the world. 

importance is attached to the teaching and training of professional 
and auxiliary personnel in environmental sanitation, public health 
administration, nursing, maternal and child health, mental health, 
and nutrition. The great scourges of the world—the treponema- 
toses, malaria, tuberculosis, trypanosomiasis, etc.—are succumbing 
to attack maintained at international rather than national level; 
vigorous prophylactic measures have not been neglected. Arrange- 
ments have been made for adequate supplies of antibiotics and 
insecticides to be sent to countries requiring them ; in some cases 
assistance has been given in the local manufacture of these sub- 
Stances. Studies of recent influenza and poliomyelitis epidemics 
have been made. WHO is to provide assistance in attempts to deal 
with the serious problems raised by excessive population increases 
in some countries. 

_Two important events during 1951 were the publication of vol. 1 
of the International Pharmacopoeia (reviewed in Brit. med. Bull. 


‘ Sor particulars, see p. 411. 


1952, 8, 271) and the completion of the drafting of the International 
Sanitary Regulations. In the Organization itself the process of 
decentralization has continued and there are now four regional 
offices. The valuable publications issued by WHO have continued 
to appear, with increasing strength and ever-widening appeal. 

The Report is well furnished with photographs showing the 
diverse activities of WHO among peoples of many races. It 
includes a great deal of other interesting information which, 
through limitations of space, cannot be mentioned here but which 
emphasizes once again the necessity for WHO, with its international 
plan for the promotion of health and control of disease. The 
Worid Health Organization must be regarded as one of man’s best 
creations. 

i. %. P 


WORLD MEDICAL PERIODICALS 


In our last issue we published, under the title of Periodica medica 
mundi, an advance review of a new world list of periodicals of the 
medical and allied sciences, published by UNESCO and WHO. 
We are now informed that this publication will be entitled World 
medical periodicals as the original title too closely resembled a 
similar publication to be issued by the Georg Thieme Verlag. 
The price of World medical periodicals is 12s. 6d. or $2.00. 


SOME MEDICAL CONGRESSES 1953 


Fertility and Sterility. First World Congress on Fertility and 
Sterility, May, New York City. Associate Secretary-General : 
Dr Abner I. Weisman, 1160 Fifth Avenue, New York, N.Y. 


Medical Librarianship. International Congress on Medical 
Librarianship, July, London. Honorary Secretaries: c/o The 
London School of Hygiene & Tropical Medicine, Keppel Street, 
London, W.C. 1 


Military Medicine. Fourteenth International Congress of 
Military Medicine and Pharmacy, 1-6 March, Montevideo. 
Secretariat : Direccién General del Servicio de Sanidad Militar, 
Avda 8 de Octubre y Mariano, Montevideo, Uruguay 


Radiology. Seventh International Congress of Radiology, 
19-25 July, Copenhagen. Congress office: 10 Oster Voldgade, 
Copenhagen 


lll KONGRES FTIZIOLOGA JUGOSLAVIJE 


The proceedings of the third Jugoslav congress on tuberculosis 
held from 1-4 October 1950 have been published in Belgrade by 
Medicinska Knijiga, 1951. 

This publication includes the papers read at the meeting and 
reports of the discussions which followed. Some of the papers are 
summarized in English, French or German. The subjects dis- 
cussed ranged from different methods of treatment to the organiza- 
tion of tuberculosis dispensaries and preventive measures. Dr 
Marc Daniels presented a brief account of the trials of strepto- 
mycin and p-amino-salicylic acid (PAS) which have been conducted 
by the Medical Research Council of Great Britain. 


NEW JOURNALS 


GREAT BRITAIN 


The British Association of Physical Medicine, formed nine years 
ago, has now launched its own quarterly journal, Annals of Physical 
Medicine (London), of which the first number appeared in January 
1952. A foreword by Lord Horder summarizes the aims and 
activities of the Association. The two main articles, ‘* Further 
investigations into the effects of micro-waves ” (A. C. Boyle, H. F. 
Cook & D. L. Woolf) and “‘ The ambulant treatment of complications 
resulting from varicose veins and allied conditions” ([. H. M. 
Curwen & B. O. Scott), are illustrated by plates and diagrams. 
Twenty abstracts are included, reprinted from the International 
Review of Physical Medicine and Rehabilitation ; reports of meet- 
ings and a book review complete the number. 

The Association’s decision to publish its own journal is, it is 
observed in the editorial, ** . . . not a responsibility to be regarded 
lightly when the relatively small number of members, together with 
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their heavy commitments, is taken into account.”” We hope it may 
prove to be justified by the success which the high standard of this 
first number of the Annals undoubtedly deserves. 


With its January number, 1952, the British Journal of Tuber- 
culosis and Diseases of the Chest (London) enters a new stage in its 
development. The journal is now considerably increased in size 
(the present issue, vol. 46, no. 1, consists of 80 pages). Its editorial 
board has been strengthened by the addition of distinguished 
representatives in Canada, South Africa, Australia and New 
Zealand, one of whom, Dr B. A. Dormer, Chief Tuberculosis 
Officer for the Union of South Africa, contributes a paper on chest 
services in England and Wales, based on a survey which he has 
recently made in this country. In November last, Sir Robert 
Young, C.B.E., celebrated his eightieth birthday ; an appreciation 
of his personality and work by Dr G. E. Beaumont appears in this 
number. 

* * +. 


BritisH WEsT INDIES 


The recently established University College of the West Indies 
began publication in September 1951 of the West Indian Medical 
Journal (Mona, Jamaica). This journal, successor to the Jamaica 
Medical Review, inherits the ** goodwill and assets ”’ of the latter, 
and retains a further link in having on its first editorial board a 
member of the Review’s editorial committee. It is emphasized, 
however, that the West Indian Medical Journal caters for the entire 
West Indies ; its policy, so far as it is yet defined, is to be a reference 
journal of the diseases of the West Indies for the medical world as a 
whole, and a medium for spreading knowledge of them among 
local practitioners. 

The 13 contributions in this number are related to their context, 
West Indian or wider, in an interesting editorial. Besides tropical 
diseases, aspects of general medicine and surgery are discussed. 
K. R. Hill and I. S. Parboosingh recall financial help given in 1772 
by the West Indies to the College of Philadelphia, parent body of 
the first medical school in America. The journal is well printed and 
produced, and illustrated with photographs and photomicrographs. 


- * * 


ALGIERS 


We have received Travaux du Laboratoire d’ Anatomie de la 
Faculté de Médecine d’ Alger (Algiers), 1951, which consists of 13 
studies in the anatomy of the cranium, the right subclavian artery, 
the muscles of the arm, hand, and foot, the infraclavicular fossa, 
and the venous circulation of the normal liver. The last study is 
by R.-M. de Ribet, and is illustrated with radiographs ; all the rest 
are by R. Aubaniac, alone or in association with A. Leca and L. 
Fortesa, and are illustrated with line drawings and diagrams. 


JAPAN 


The new Hyogo Journal of the Medical Sciences (Kobe) is pu! 
lished quarterly by the Board of Editors at the Hyogo Prefectur 
Medical College. The seven contributions making up the fir 
number, dated May 1951, are all by members of the staff of t! 
College, and include three studies entitled “* Relative metabolic ra 
of work ”’ (K. Furusawa and M. Kawakami); ** Correlation betwe 
lability of the mean number of nuclear lobes of multinucle 
leucocytes and host resistance to tuberculous infection ” (K. Tab« 
& T. Shiomi) ; “* Washing out’ of CO, by forced breathing 
(M. Kawakami & K. Oku) ; “ Experimental studies on allox 
diabetes with special reference to hypoglycaemia”? (K. Naka 
et al.) ; and “ Production of experimental diabetes mellitus a 
zinc reaction of islets of Langerhans ” (K. Okamoto). All matter 
this number is in English, with summaries in the same langua 
One coloured plate is included. 


SPAIN 


Actualidad Pediatrica (Granada), the first number of whi 
appeared in January 1952, is a monthly periodical devoted 
Spanish translations of selected articles in this specialty. The for 
word states that its aim will be to present material, not in bri 
abstract form, but in full translation, or at sufficient length : 
provide a useful substitute for the reading of the original. Vol. 
no. 1, consists of five translations in extenso, and six full summari: : 
each several thousand words in length. Articles have been chosc 
from American, Swiss, French, Belgian, British and Swedi 
journals ; their subjects include convulsive disorders, hype 
ventilation toxicosis in infantile influenza, treatment of acute 
anterior poliomyelitis, hyaluronidase in paediatric practice, or:| 
administration of penicillin in children, renal pathology, t! 
Ehlers-Danlos syndrome, sulphonamides and antibiotics 
paediatric practice, Friedlander-aerogenes infections, prima 
tuberculous infection in early infancy, and intussusception. 


The following journals have also been received : 

Acta Medica, Academiae Scientiarum Hungaricae (Budapest), vol 
no. 2, 1951 

Medical Journal of Osaka University (Osaka), vol. 2, no. 2, 1951 

Revista Brasileira de Histériada Medicina (Rio de Janeiro), vol. 
nos. 4 & 5, 1950 

Revue du Praticien (Paris), vol. 1, nos. 1-5, 1951 

Settimana Medica (Florence), year 40, nos. 1 & 2, 1952 


Brit. med. iiull. 1982 





MEDICINE : REVIEWS 


Book Reviews 


MEDICINE 


A Text-Book of Medicine 


Edited by E. Noble Chamberlain. Bristol : John Wright & 
Sons Ltd., 1951. xi + 962 pages ; 266 illustrations. 24 x 16 
cm. £2 10s. 


In the compiling of this textbook Dr Noble Chamberlain has had 
the co-operation of 16 contributors, nine of whom are colleagues 
o. his in the Liverpool School of Medicine. The 14 sections cover 
infectious diseases, the venereal diseases, diseases of the digestive 
system, the blood and blood-forming organs, the respiratory 
s:stem, the cardiovascular system, the urinary system, and the 

rvous system ; psychological medicine, diseases of the endocrine 

stem, vitamin deficiency diseases, diseases of the locomotor 
stem, tropical diseases, and occupational diseases and toxicology. 

The book has been written primarily for the student and the aim 

s been to be selective rather than comprehensive. “* The com- 

on plan has been to lay emphasis on the salient features of 
{'sease and to limit the description of the rarity.”” To be selective 

d at the same time give a balanced picture of the practice of 

edicine is by no means an easy task, however, and the authors 

ive not always achieved a satisfactory compromise in this con- 

xion. Influenza, for instance, is dismissed in two pages, and only 
25 lines are devoted to a description of the “* clinical course ’’. This 

in scarcely be described as a helpful introduction of the student to 

ie of the common and most difficult problems in general practice. 

onversely, space is allowed for chlorosis—surely one of the rarities 
>’ current practice. 

The teaching on the whole is eminently sound, but lapses from the 
:sually high standard are occasionally found. To say of influenza, 

r instance, that ‘‘ complications are not usual” is rather mis- 
cading, even though a subsequent statement is made to the effect that 
* during epidemics. however, occasional fulminant cases are seen ”’. 
Again, in a seven-line paragraph, which is all that is devoted to 
the aetiology of syphilis, it is rather surprising to find arm-to-arm 

accination the only example given of an “inanimate object ”’ 
transmitting the disease. Few clinicians will agree with the state- 
ment that pernicious anaemia is “* not infrequently complicated by 
carcinoma of the stomach’’. Although, as a matter of policy, 
treatment is not dealt with in detail, several of the statements made 
under this heading are scarcely in conformity with the general trend 
of opinion. To say, for instance, that “* a diet composed of rice, 
milk, and fruit is a simple method of salt restriction ’’ shows little 
respect for the patient’s morale. Then again, to state that injections 
of mersalyl can be given daily is surely asking for trouble. Con- 
versely, 90 grains of sodium salicylate is not generally recognized 
as the optimum daily dose in rheumatic fever. Therapeutic con- 
servatism is an excellent attribute in a textbook for undergraduates 
but to dismiss the surgical treatment of coarctation of the aorta with 
the one sentence, ‘* Rare surgical successes have been reported ”’, 
is surely being ultra-cautious. 

None of these, however, is a major criticism, and the student 
who uses this textbook as an auxiliary to his work in the wards will 
not go very far wrong. If the day of the one-author textbook of 
medicine is really over, then this multi-author one is a satisfactory 
substitute. The price is reasonable and, apart from the coloured 
illustrations, the standard of production is excellent. 


W. A. R. Thomson 


The British Encyclopaedia of Medical Practice. 
Volumes 8 & 9 


Edited by Horder. 2nd ed. London: Butterworth & Co. 
Ltd. Vol. 8, 1951: Latah and Amok to Motor Neurone 
Disease. xvi + 670 pages ; 2 plates; 46 figures. 25 x 17 
cm. £3 5s. Vol. 9, 1952: Mouth Diseases to Pinta. 
xvi + 659 pages ; 1 plate; 158 figures. 25 x 17 cm. £3 5s. 


The 2nd edition of this monumental work, which first came out 
under the general editorship of Sir Humphrey Rolleston, is now 
issued under the hand of Lord Horder, with a galaxy of brilliant 


consultant editors. The medical publishing is supervised by Dr 
G. E. Hesketh in a very competent manner. 

The volumes are well and clearly printed on glossy paper, with 
wide marginal headings, and the illustrative. photographs are 
beautifully reproduced. By their very nature, however, they are 
heavy to handle and, though no weakling, I found them tiring to 
read without satisfactory support. 

Changes of many kinds have taken place in the 15 years since the 
lst edition appeared, and another war has served as a catalyst to 
medical expansion. Chemotherapy has been developed, the 
antibiotics have arrived and liver therapy has been superseded. The 
classification of disease, too, has varied and a comparison of 
volumes 8 & 9 with those of the previous edition shows that liver 
diseases have been relegated elsewhere, and that the entries for 
megacolon and anal achalasia have also moved. 

E. Muir’s article on leprosy applauds the use of sulphones, and of 
Conteben, which has been under trial. J. W.McNee’s description 
of leptospirosis icterohaemorrhagica is written with his well-known 
lucidity. The leukaemias are discussed by J. F. Wilkinson in place of 
Janet Vaughan; he is more inclined to a rigid classification than 
was his predecessor, and regards chronic leukaemia as a disease 
distinct from acute leukaemia. Many physicians will regard this 
separation as somewhat artificial, but with an aetiology so obscure 
much must still remain hypothetical : an infective cause is un- 
likely ; the neoplastic one is not proven ; a metabolic origin gains 
credence in view of the effect of urethane on the myelogenous type 
and nitrogen mustard on the lymphoid ; a natural defect, as in 
pernicious anaemia, might yet be discovered ; while toxic factors, 
as produced by irradiation and the use of sulphonamides, may 
function in combination with others. 

Life insurance is sensibly and succinctly handled by T. W. Preston, 
while Massey Dawkins deals with local and regional anaesthesia 
comprehensively. In chapters on lung diseases, Maurice Davidson 
deals with atelectasis, abscess, syphilis and tumours, while Hope 
Gosse & S. Oram give a useful summary of the clinical differentiation 
between pulmonary embolism and coronary occlusion, the whole 
being crowned by W. H. Tattersall’s very comprehensive contribu- 
tion on pulmonary tuberculosis. 

Meningitis is dealt with in a typically orderly manner by Sir 
Henry Tidy, while the lymphatic diseases come under scrutiny 
from Harold Edwards. Here I note that sarcoidoses are regarded as 
unresponsive to treatment, yet my experience is that some cases 
(but by no means all) definitely clear up with calciferol, which 
probably postulates a mixed aetiology. 

Air Vice-Marshal T. C. St C. Morton contributes a masterpiece of 
condensation on malaria, while the articles on marasmus by 
Professor Alan A. Moncrieff, and on maternal mortality, by Sir 
Arthur MacNalty, contain a mass of useful facts and figures. 
Mental diseases and the legal aspects thereof are well put in the 
articles by Alexander Shapiro, Eliot Slater and Sir David K. 
Henderson, and Keith Simpson’s masterly exposition of medico- 
legal examinations and reports can be looked upon as one of the 
highlights of volume 8. 

In volume 9, F. J. Nattrass discusses the muscle diseases, 
myasthenia gravis and narcolepsy with characteristic clarity, while 
C. Worster-Drought and Frank Sargent give a well-documented 
and well-illustrated survey of nerve injury and repair. Neuro- 
syphilis and the facial neuralgias are dealt with by J. Purdon Martin 
and Wilfred Harris respectively. The late Geoffrey Evans follows 
Bright in his broad interpretation of kidney diseases in his discussion 
of nephritis and nephrosis, whereas R. W. Brookfield brings out the 
biochemical aspect when he discusses oedema a little further on. 

Sir Henry Cohen has produced a clearly analytical article on the 
clinical significance of pain. Abdominal conditions, such as peptic 
ulcer and acute peritonitis, are fully and comprehensively dealt with 
by Thomas Hunt and Zachary Cope, and skin conditions as widely 
separated as mycosis, psoriasis, pemphigus and pinta all receive 
expert attention. 

These two volumes can be looked upon as thoroughly representa- 
tive of the high standard begun in the Ist edition, and so well 
maintained in the 2nd. R. Cove-Smith 
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Progress in Clinical Medicine, by Various Authors 


Edited by Raymond Daley & Henry G. Miller. 2nded. London : 
J. & A. Churchill Ltd., 1952. xi + 426 pages ; 43 illustra- 
tions. 24 x 16cm. £1 10s 


Progress in clinical medicine has been so great since the Ist 
edition of this important book appeared in 1948 that the 2nd 
edition, except in style and objectives, has little in common with 
its predecessor. New fields reviewed include industrial medicine, 
physical treatment in psychiatry, and metabolic disorders ;_ in 
many instances the remaining chapters have been completely recast. 

The great merit of this book is that it is not a year-book contain- 
ing an uncritical review of other people’s work. The authors have 
wisely omitted much that is new in the most specialized fields of only 
occasional interest to the general physician, and they have not 
reported upon subjects, such as the surgical treatment of mitral 
stenosis, which are still sub judice and liable to many changes in 
opinion before they become part of everyday medicine. The result 
is a well-balanced account of progress in each particular field, 
written by contributors versed in their subject and able to draw 
from their own experience as well as to select critically from the 
literature. No attempt has been made to deal exhaustively with any 
one topic but key references are given for those who may wish 
to read more deeply. This book achieves an important place 
as a supplement to standard textbooks of medicine, which are 
notoriously slow in incorporating new developments of permanent 
value. 


R. I. S. Bayliss 


Practical Procedures 


Edited by Heneage Ogilvie & William A. R. Thomson. 2nd ed. 
London: Eyre & Spottiswoode, 1952. (The Practitioner 
Handbooks.) 380 pages ; 99 figures. 22 x 14cm. £1 5s. 


This compact handbook is more than merely a second printing of 
a previous edition. It is, in fact, a new book with ten fresh chapters. 
Well printed, effectively illustrated, reasonably indexed and 
remarkably free from errors, it forms a useful vade mecum for the 
keen and active practitioner. 

Such a book, by multiple authors, is naturally uneven in the 
character of its writing, for many of the chapters bear the un- 
mistakable stamp of the idiosyncrasies of their authors ; yet loss of 
the personal touch would lead to a great loss of effectiveness. 

George Perkins’s chapter on plaster technique for fractures is 
clearly written, with adequate stress on the pitfalls and dangers of 
ischaemia, sores and loss of function. John Charnley casts doubt 
on the necessity for local anaesthesia and on the use of plaster of 
Paris in the treatment of sprains ; he prefers the use of pressure 
bandages and early movement. He might emphasize even more 
the importance of maintaining muscle tone in controlling move- 
ment of joints. 

Dickson Wright's chapter of brilliant improvisations for dealing 
with skin surgery and sutures has a special appeal to the busy 
general practitioner ; the use of hypodermic needles and their 
stylets for the approximation of facial lacerations is particularly 
commendable. This chapter is effectively capped by Lawrence 
Abel’s concise exposition on local anaesthesia, which displays his 
predilection for nupercaine in dilute solution. 

The chapters on ear syringing, ophthalmology and blood counts 
(by Charles Keogh, Humphrey Neame and Sir Lionel Whitby 
respectively) are all masterpieces of lucid detail. Whitby’s illustra- 
tive cases and his insistence on the need for a test of erythrocyte 
sedimentation reaction in combination with the blood count are all 
** good medicine ”’. 

New chapters on gynaecological procedures and implantation 
therapy make valuable additions to the volume, while a comparison 
between Harold Dodd’s chapter on the use and care of syringes and 
Lloyd Rusby’s on pleural aspiration serves to emphasize still more 
clearly the difference between the outlook of the general surgeon 
and that of the chest physician. Blood transfusion is fully and clearly 
handled by G. H. Tovey and the complications are well discussed. 
Cecil Mclver’s details on the administration of fluids and treatment 
of dehydration follow this up satisfactorily. Also it is good to.see 
the Fantus test for urinary chlorides again mentioned by two 
writers, as lately this test seems to have fallen into disrepute. 


A few chapters could do with more emphasis, while the |:st 
chapter, on poisons, seems to be somewhat too discursive and could 
be more effectively re-arranged to stress the importance of first-.id 
treatment for poisoning rather than of its post-mortem effects ! 


R. Cove-Smit 


Blood Transfusion in Clinical Medicine 


P. L. Mollison. Oxford: Blackwell Scientific Publicati 
1951. xvi + 456 pages ; 59figures. 22 x 15cm. £1 17s 


The developments in blood transfusion during the recent 
and since, have been tremendous. Notable advances have | 
made, for example, in the discovery of hitherto unsuspected anti 
antibody systems, the fractionation of plasma proteins, the prese 
tion of blood, and the successful study of certain diseases with 
aid of transfusion, etc. No single worker today can ke~p abr 
with all aspects of the subject. The time was opporture fi 
comprehensive survey of the advances made in the past decade 
are of importance to the clinician and clinical pathologist. 
Mollison’s book largely achieves this and is therefore very welcome. 

As to the subject-matter, Dr Mollison ranges widely. Let it be 
said at once that this is a book which requires diligent study, 
much of the contents is of an advanced nature. Some parts require 
a sound understanding of physiology, e.g., the section on blo 
volume and its estimation, probably the most difficult section of ‘! 
book which, incidentally, is likely to be of interest only to limite 
numbers of workers, important as the subject undoubtedly is. 

There is a wealth of useful information on subjects of practical 
importance in transfusion such as blood preservation, the in vivo 
survival of transfused blood, the effects of transfusion in haemor- 
rhage, anaemia, and so on. There is an excellent section on haemo- 
lytic disease of the newborn, which is wisely preceded by a section 
on normal haemoglobin levels in the newborn. The. treatment of 
haemolytic disease by exchange transfusion is fully considered, but 
the advantages of using concentrated red cells, when simple trans- 
fusion is necessary, should have been emphasized. Haemolytic 
reactions and their causes, including incompatible transfusion. are 
nicely considered. The treatment, however, of urinary suppress 
after incompatible transfusion (kidney damage may occur a'te 
blood destruction due to causes other than incompatibility) is | 
cursory and reference might well hae been made to the work 
American workers in this field. There are comprehensive sect 
dealing with the various blood group antigen-antibody systems, the 
grouping and cross-matching of blood, the investigation of trans 
fusion reactions and the identification of abnormal iso-antibodies 
etc. Transfusion mishaps due to causes other than blood destruc 
tion are also dealt with. 

There is much to commend and little to criticize in this book, 
though there may be differences of opinion on a few points. ‘ot 
all directors of large transfusion laboratories will agree that pilot 
tubes should be used in order to obviate the risks of contamination 
inherent in the sampling of blood bottles. The solution to this 
problem lies rather in the thorough training of pathologists and 
technicians in laboratories specializing in transfusion work, anc in 
much stricter control of the handling of blood after it has left the 
bank. ¢ Also there is a crying need for more adequate instruction of 
medical students on blood transfusion, a point which might well 
have been mentioned. The'technique for collection of a pilot 1 :be 
sample advocated by Dr Mollison is hardly strictly sterile. M ‘ny 
will disagree with the view expressed that, providing potent s<ra 
are available, there is no reason why grouping tests should no 
performed on slides. Case histories are perhaps rather more 
numerous than necessary in a work of this sort and there 5 a 
tendency in some parts to over-emphasize details. It is, after all, 
principles that are the important thing. The book is rather .d- 
vanced for the recently qualified resident hospital doctor, for w!)om 
a suitable short book on transfusion yet remains to be writi<n. 
There are a few typographical errors in the text, while on p. 2°) a 
few lines are out of context. The index is not as comprehensive as 
it should be. These are not serious criticisms, however, and ‘his 
excellent book is strongly recommended for all those who deal with 
the laboratory and clinical aspects of transfusion work. 


R. Drummond 
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Hypertension : a Symposium held at the University of 
Minnesota on September 18, 19, and 20, 1950, in 
honor of Elexious T. Bell, M.D., Benjamin J. 
Clawson, M.D., and George E. Fahr, M.D. 


Edited by E. T. Bell. Minneapolis : University of Minnesota 
Press; London: Geoffrey Cumberlege, 1951. ix + 573 
pages ; figures. 24 x 16cm. £3 


In this fine tribute to E. T. Bell, B. J. Clawson and G. E. Fahr 
are published the proceedings of a symposium on hypertension, 
which was held in their honour at the University of Minnesota in 
he autumn of 1950. The work includes 30 papers by 24 eminent 

thorities in this field and the accounts of the discussions which 
‘cllowed the presentation of the papers. Practically every aspect of 

pertension is covered in detail and the writing throughout is 
ystal clear and sometimes inspired. A tremendous amount of 
aborious work is incorporated, but, as in a good work of art, one 
is conscious only of the finished masterpiece. It would be pre- 
sumptuous to criticize individual chapters, favourably or otherwise. 
t may help, however, to give some idea of the contents. 

H. Goldblatt, and later R. H. Smithwick and B. Castleman, 

cuss the structural lesions found in the vascular system at 

cropsy and on biopsy, and conclude that all such lesions are more 
ely to be the result than the cause of hypertension. Smithwick’s 
ypsy material from both kidneys is especially illuminating. 

Experimental hypertension is reviewed by A. Grollman. He 
tresses its similarity to human hypertension and thinks the latter 
nay depend upon a congenital hereditary functional disturbance of 
some unknown non-excretory activity of the kidney. G. W. 

ickering describes experimental hypertension in the rabbit ; there 

m to be two mechanisms involved, an early one due to renin and 
a later one that does not depend upon renin, but apparently upon 

ome other disturbance of renal activity. I. H. Page discusses 
-ertain aspects of the renin angiotonin pressor system and postulates 

e mosaic theory of hypertension, which depends upon the inter- 
play of nervous, endocrine, cardiovascular and renal factors. In 
an excellent survey of experimental hypertension, E. Braun- 
Menendez offers a rather similar hypothesis. 

[wo fascinating articles by E. Shorr clarify the story and signi- 
ficance of his discovery of the interesting substances which he has 
labelled VEM (renal vasoexcitor) and VDM (hepatic vasodepressor). 
The possibility that essential hypertension is a disease of adaptation 
is discussed by Hans Selye. Braun-Menendez describes hypertension 
due to deoxycorticosterone and sodium, and discusses the possible 
part played by the electrolytes in the pathogenesis of hypertension. 
Neurogenic hypertension is shown, by M. Nickerson, to differ 
markedly from essential hypertension. 

E. T. Bell writes the chapter on the pathological anatomy in 
primary hypertension ; B. J. Clawson gives some helpful figures in 
his chapter on the heart in hypertension ; and G. E. Fahr has 
something to say about the development of hypertension in genuine 
chronic nephrosis, 10% of his 31 cases being finally thus complicated. 

Renal haemodynamics are very clearly summed up by H. Chasis, 
who points out that the oxygen saturation of samples of blood 
obtained from the renal veins does not support the view that the 
juxtamedullary by-pass, described by Trueta and his colleagues, 
plays any significant role in essential hypertension. 

G. A. Perera gives an account of the natural history of hyper- 
tensive vascular disease, which may have a subduing influence on 
the therapeutic enthusiast. In another chapter he also describes 
the part played by the adrenal cortex in hypertension. A short 
account of pulmonary hypertension is given by R. V. Ebert. 

S. Wolf & H. G. Wolff describe their studies on the psychiatric 

aspects of hypertension. They find that the typical hypertensive 
subject has a tightly reined aggressive drive ; he is constantly 
poised to strike, but witholds his punch. He is shy and is frequently 
occupied with saving face. 
_E. A. Hines gives some interesting figures of a 10—20-year 
follow-up study of patients initially found to be ‘* vascular hyper- 
reactors’. The nature of the stimulus is not important. While 
54-57% of the hyper-reactors develop subsequent essential hyper- 
tension, only 4-17% of the “ normo-reactors ’’ and none of the 
“ hyporeactors ’’ were later so affected. Renal hypertension in 
these three groups developed subsequently in 69%, 14° and 7% 
respectively. These figures are impressive because of the large 
number of patients comprising the series. 

Professor Pickering doubts the hypothesis that vascular spasm is 


the cause of encephalopathy in malignant hypertension, acute 
nephritis and toxaemia of pregnancy. He favours the view that 
oedema of the brain is responsible for the attacks, but the cause of 
this oedema is not yet established. Focal symptoms are more 
likely due to local vascular disease than to spasm. R 

J. W. Gofman gives some interesting figures concerning his 
discovery of various classes of large fat molecules and their relation- 
ship to atherosclerosis. This is most promising work. 

The results of various types of treatment are given by different 
authors, including R. W. Wilkins, M. Nickerson, R. H. Smithwick, 
and C. B. Chapman, but hexamethonium is not mentioned. The 
best of these chapters on therapy is that by Smithwick who com- 
pares the results of 748 patients treated by means of sympathec- 
tomy with 330 treated medically. There can be little doubt that, 
judged by statistics, those submitted to sympathectomy did better. 
The effect of fever on hypertension is described by I. H. Page, R. D. 
Taylor and A. C. Corcoran. : 

The collection of so many excellent papers under one cover is a 
great achievement and the book will be widely welcomed by all 
those interested in advanced medicine. Indeed, it is a model that 
might well be copied in other subjects, for it sets a high standard in 
all respects. This brief summary of the contents does not do justice 
in any sense to the outstanding contributions that it contains. 


Paul Wood 


Modern Practice in Tuberculosis. Volumes I & II 


T. Holmes Sellors & J. L. Livingstone. London: Butterworth & 
Co. Ltd., 1952. Vol. I: xxviii + 355 + 73 pages ; 1 plate ; 
104 figures. 25 x 17 cm. Vol. li: vii + 441 + 73 pages; 
2 plates ; 159 figures. 25 x 17cm. £7 7s. the set of 2 volumes 


The last thirty years have seen great advances in the understanding 
of tuberculosis. The vitality in this field which is now evident owes 
much to work initiated in other countries, though Britain has made 
its own substantial contribution. This book is written by a series of 
distinguished British workers and conveys successfully the British 
view today. The sole exception is from H. J. Ustvedt of Oslo, 
who has written a good chapter on BCG vaccination. In this 
advance in preventive medicine, Great Britain can claim only a 
cautious approach, though its inquiry proceeds on sound lines. 
We arrive late, but at least tread carefully; this is part of our 
contribution. 

In the first of these two volumes, the wide range of subjects 
covered includes social aspects, pathology, methods of investiga- 
tion, general treatment and chemotherapy; the earlier part of the 
second volume deals largely with active methods of treatment of 
disease of the lungs, the remaining chapters treating of tuberculosis 
of other organs. There is thus brought within one work much that 
must otherwise be sought through many. 

Several difficulties present themselves in writing a book on 
tuberculosis. If too small, it gives inadequate guidance and appears 
scrappy, but a complete study requires many volumes. The present 
compromise is more than a handbook and in some respects goes 
into much detail, yet misses other important aspects. Thus, many 
pages are given to the evajuation of the meaning of a positive 
sputum—* quantitative bacteriology ’°—while the problems of 
pregnancy and its management in tuberculous women are hardly 
mentioned. However, the editors do not claim that this work is a 
comprehensive textbook, but rather a series of carefully selected 
chapters each written by an authority. Perhaps for this reason one 
misses a sense of continuity in the book; it lacks a unifying and 
binding theme. 

In the sections on treatment, some variations in emphasis might 
be suggested. Thus, phrenic nerve operations need even less 
encouragement in these days when choice of therapy is wider than 
formerly. Pneumothorax is fairly appraised, but for the same reason 
it is no longer the first choice in collapse therapy; hence there is 
much to be said for avoiding the dangers arising from endobronchial 
tuberculosis (correctly stressed in this book) by a routine broncho- 
scopy before induction of an artificial pneumothorax. We read on 
one page that the presence of cavitation in the apical segment of the 
lower lobe does not contra-indicate thoracoplasty, but, soon after- 
wards, that the operation is not satisfactory for cavit*2s in this 
situation. On the whole, however, the sections on active treatment 
are well done and, in particular, the chapter on excision of the lung 
is balanced and lucid. Other good sections are those on statistics, 

























































































































































































































































































































































































































the management of a chest clinic, radiological examination, and 
tuberculosis in industry. 

There are numerous illustrations, but these are often widely 
spread, giving the impression of wasted space, but making a series 
awkward to follow. The full index is repeated in each volume, and 
thus now occupies about 150 pages ; it would also take less space if 
it were set in double column. Despite these criticisms, the book 
forms a valuable addition to the literature on tuberculosis, its wide 
range being particularly useful. 

F. A. H. Simmonds 


Causes and Prevention of Tuberculosis 


Brice R. Clarke, with a chapter on mass miniature radiography 
by Joseph Ritchie. Edinburgh : c. & S. Livingstone Ltd., 1952. 
viii + 288 pages ; 13 figures. 25 x 17cm. £1 12s. 6d. 


Books on tuberculosis are legion, some good, some less good. 
This volume on the causes and prevention of the disease strikes, 
to some extent, a new note. It recognizes the various effective 
revolutionary therapeutic measures developed during the present 
century and, more particularly, during the past two decades, and it 
assesses their value in the .ontrol of tuberculosis. It rightly 
emphasizes the paramount importance of a campaign for preven- 
tion, since this will, in the long run, yield higher dividends than 
therapy. In other words, as Professor J. H. Biggart points out in 
the foreword, Dr Clarke’s argument is that search must continue 
for the effective means of therapy, but the problem can be more 
successfully solved by a campaign for prevention of the disease, 
although the administrative machinery is at present better geared 
for treatment than for prevention. To the latter we should pay 
more than lip service, in view of the wide social, economic and 
medical implications. The National Health Service has made 
prevention the responsibility of the local authority and placed 
treatment under the aegis of the Regional Board, leaving the 
general practitioner who, with his intimate knowlec ze of the family, 
should be the lynch pin of ine service, with a role that is, to say 
the least, equivocal. The integration of the hospital, preventive 
medicine and general practitioner services was never more neces- 
sary than it is today. 

Such division of responsibilities has created friction between the 
facets of the tuberculosis service. Moreover, Dr Clarke points 
out that some of the many millions of pounds at present spent on 
the sick might well be allocated to a modest extension of the 
preventive side of tuberculosis, since every new case of pulmonary 
tuberculosis involves a threefold risk: (i) to the individual 
patient, (ii) to his family and (iii) to the health of the general 
community. 

This book is well produced, essentially readable, and thoroughly 
up to date, with a good bibliography at the end of each chapter. 
Dr Clarke treats his subject in an interesting manner, and into his 
purview come such varied topics as the relative importance of 
infection, the influence of race and heredity, acquired immunity, 
food and tuberculosis, and environmental factors that can influence 
resistance, such as overstrain, industrialization, occupation, 
trauma, climate, poverty, intercurrent disease, pregnancy, stan- 
dards of hygiene and overcrowding, with special reference to 
infection and disease. Although there is nothing new in these 
observations, all these factors have a direct bearing on our attitude 
to the prevention of tuberculosis. 

The chapter on the prevention of disease includes a critical dis- 
cussion of methods of raising resistance. The role of case-finding 
programmes that are rapid and economical and produce objective 
results is carefully considered and the two methods which fulfil 
these criteria, namely, tuberculin testing and mass radiography, are 
discussed. There is a good chapter on mass miniature radiography 
in prevention, diagnosis and treatment, by Dr J. Ritchie. 

The function of the chest clinic and its evolution from the * T.B. 
Dispensary *’ could perhaps have received greater attention. There 
is a comprehensive discussion on the preventive measures of 
immunization and BCG vaccination. 

In the final chapter, on treatment and rehabilitation, Dr Clarke 
characteristically regards the number of persons requiring treatment 
for clinical tuberculosis as an index of the extent of the failure to 
control infection and to detect potentially dangerous lesions at a 
pre-clinical stage. 

Discussing the evolution of sanatorium treatment, Dr Clarke 
rightly pays tribute to Brehmer in Germany, but one feels that he 
might also have noted pioneers in Britain, such as Marcus Paterson 


MEDICINE : REVIEWS 






and others. One can only echo his appeal for convalescent unit 
hostels as annexes to sanatoria as part of the rehabilitation sche 
and for hostels for chronic cases. Rehabilitation and domici! 
treatment are, in fact, discussed as comprehensively as one w« 
expect in a work of this kind, and its 278 pages are full of mate 
for all workers in this sphere of tuberculosis. 

Philip Ellmo 


Essentials in Diseases of the Chest, for Students =; 


Practitioners 


Philip Ellman. London: Geoffrey Cumberiege, 1 
xiv + 400 pages ; 193 figures. 22 x 14cm. £1 10s. 


Disease and abnormalities of the chest constitute such a | 
section of general medicine that a comprehensive account of t 
conditions is difficult to compress into a small volume. Dr Ell: 
has not attempted a detailed study of chest diseases but he 
succeeded admirably in producing a sound handbook for the stuc 
and a stimulating refresher course for the practitioner. 
writing is concise and factual, and the author does not allow hin 
to be led on to controversial ground ; for this reason, perhaps 
has omitted all but a handful of references. 

There is an excellent introductory chapter on basic anatomy 
physiology. The common conditions are adequately dealt with 
certain rarer but interesting phenomena, such as pulmonary eosi 
philia and sarcoidosis, are briefly considered. Industrial disease 
the lungs are no longer the concern only of the consultant and 
as well that one of the best chapters is devoted to these. 

In the treatment of pneumonia, few physicians would be ha 
to treat a serious case with 400,000 units of penicillin by d 
injection. Again, the statement that aureomycin may be the ¢ 


of choice does not accord with the findings of the Medical Resea:c 
Council last year, when penicillin given by injection was found : 


least as effective and considerably less toxic than aureomycir 
chloromycetin. The author might have stressed that empyema 
be largely prevented by daily percussion of the bases, increa 


dullness being the signal for prompt x ray and daily aspiration « 


fluid with penicillin replacement. It is a pity that the ‘reader is 


with the impression that only streptococcal empyema is amen» 


to aspiration-replacement therapy. 

It is not Dr Ellman’s fault that the relatively large section of 
book devoted to pulmonary tuberculosis is somewhat sugges 
of lectures to Red Cross students. This vast subject can scar 
be compressed into some 80 pages in any other way. It is 1 
refreshing to read Dr Ellman’s view that pulmonary tuberculos 
best treated in a special hospital or sanatorium. Second- 
expedients dictated by shortage of beds are too often haile 
advances in the management of this most difficult and danger: 
disease. 

One of the most satisfactory features of this book is the qua 
of the illustrations. The x-ray photographs are beautifully re; 
duced and in many cases are elucidated by line drawings. 
excellent series of the latter is devoted to the appearances of ate 
tasis and collapse. 

L. E. Houghto 


Lung Abscess 


R. C. Brock. Oxford : Blackwell Scientific Publications, 1° 
vi + 197 pages ; 60 figures. 25 x 19 cm. £1 15s. 


Lung abscess is a disease which touches general medical 
surgical practice at many points. The cause is imperfectly un 
stood ; it is doubtful if the gravity of the condition is as wi 
appreciated as it should be ; and cor‘licting views are held a 
its management. A monograph on wis important subject, f 
the pen of so experienced a surgeon as Mr Brock, will, theref 
naturally occasion widespread interest 

The monograph is based upon a study of 477 examples of ! 
abscess which the author has seen and treated during the last 
years. The factual matter and detail which the book contains 
be found helpful to the clinician ; but it is in the repeated emph 
of the principles of causation and management that the grea 
value of the book lies, and which raises it from the ordinary to 
authoritative. For this reason it is permissible to discuss som: 
these general principles synoptically : 


i. The conception of the bronchopulmonary segment as 
unit of “ clinical anatomy ’"—the modern equivalent of the | 
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and the lobule—is not new, and in the past the author himself has 
been partly responsible for its acceptance. But the supreme 
importance of approaching pulmonary suppuration on this basis is 
a recurring theme throughout the book: “It is impossible to 
nderstand lung abscess without a clear knowledge of broncho- 
pulmonary segmental anatomy...” Many of the case reports and 
istrations bear out the wisdom of this insistence. 

ii. There is a temptation in the minds of many workers to gloss 
»er the aetiology of the disease and to regard lung abscess as just 
vag abscess, without probing further. This is no doubt partly due 

the fact repeatedly stated that a large proportion of lung abscesses 
are “ primary”’. Mr Brock expresses the view that such an atti- 

ie is fundamentally wrong and that “. . . ‘ lung abscess’ is not 
entity but is a clinico-pathological condition due to many 
ferent causes and processes . . .”” He believes that the closer 

2 study the fewer become the so-called primary abscesses, and that 

all-embracing attitude stultifies the advance of knowledge. He 

votes chapters to staphylococcal abscesses, to those due to 
iedlander’s bacillus and to the important association between 
rcinoma and abscess. 

iii. Mr Brock lays emphasis upon gangrene of the lung as a 

mponent factor in abscesses which, by progressing to formation 

slough, has a considerable bearing upon treatment. He regards 
* 5ronchial embolus ”’ as the major cause of the condition, but does 

t overlook the possibility of a vascular embolus being related to it 
r some instances. 

iv. Every physician will agree that the successful treatment of 

yg abscess has been enhanced by the use of antibiotics, perhaps 
yore profoundly than in other non-tuberculous conditions occur- 

g within the chest ; because of these agents, some may even be 

sposed to regard lung abscess as entirely a medical condition in 
he acute phase. Mr Brock goes into this subject in some detail 
id his arguments concerning the place and limitations of ** expec- 
ant management” are convincing and well balanced. While 

<nowledging the importance of an expectant attitude, and the 
improvement in outlook that has followed the introduction of 
enicillin, he points out that the antibiotics have rendered external 
irainage in the acute phase safer and have reduced to a minimum 
> risk of lung resection in the chronic stage. There need not be, 

’ maintains, any conflict between the physician and surgeon ; 
ach is complementary to the other and both should work in 
partnership. 

N. Lloyd-Rusby 


The Diagnosis and Treatment of Intrathoracic New 
Growths 


Maurice Davidson, with a chapter on radiotherapy by David 
W. Smithers and a chapter on operative treatment by Oswald 
S. Tubbs. London: Geoffrey Cumberlege, 1951. vii + 260 
pages ; 170 figures. 25 x 17cm. £2 2s. 


This is an unusual book since it is a monograph devoted to a 
articular subject, yet written, not for a small group of specialists, 
t for all those who may come into contact with chest disease. 
he major part of the work is devoted to cancer of the lung, a 
-ondition which today, at a conservative estimate, claims some 
2,000 victims a year in Great Britain alone. Most medica! men 
-refore are likely to be involved at some stage or other in the care 

{ patients with such a common and lethal disease. 
Dr Maurice Davidson is well known as a teacher.and writer in 
field ; he is the author of a standard textbook on diseases of 
1c chest, and more than 20 years ago wrote one of the first books 
appear on cancer of the lung. He writes in impeccable English 
1 expresses himself in such a manner that his meaning is 
absolutely clear to his readers. He is a master at summing up a 
iificult problem and few present-day writers approach him in these 
pects. Since to these gifts he adds a lifetime’s experience in the 
linical study of chest diseases, it is not surprising that this volume is 

imirable in almost every way. 

The book follows a logical plan and discusses intrathoracic new 
owths according to their pathological classification. Benign 
»wths, including the bronchial adenomata, are dealt with in some 
) pages, which are adequate for these rather rare tumours. The 
iost valuable section in this work is undoubtedly that devoted to 
arcinoma of the bronchus : this opens with a brief historical 
survey, and goes on to appraise the statistics showing the amazing 


rise in incidence of the disease from one of comparative rarity 
50 years ago to one which is all too common today. Due stress is 
given to the work of the Kennaways and Percy Stocks, although 
some of the recent figures are not quoted, presumably because of 
the inevitable delay between the writing of a book and its final 
publication. 

The fascinating problem of aetiology is dealt with in a sober and 
conservative fashion. The reviewer feels that the careful statistics 
which have appeared in recent times incriminating the use of 
tobacco should find a place here. The chapter on the clinical and 
radiological features of bronchial carcinoma is the best in the book 
and is illustrated by many x-ray plates. It is a pity that these have 
been reproduced so poorly, especially in view of the excellent paper 
used. The photomicrographs are, however, excellent. 

The author gives a well-balanced review of the place of surgery, 
radiotherapy and chemotherapy in the treatment of lung cancer, 
not omitting symptomatic treatment, with some useful and practical 
advice on palliative measures. This is followed by the sections 
contributed by his two co-authors. The first, on radiotherapy, is by 
Professor Smithers, in which he reviews the treatment given to 500 
patients and shows that by far the most valuable part this therapy 
has to play is in palliation. However, he describes the more radical 
form of therapy which has been evolved and writes encouragingly 
of the pre-operative use of radiotherapy. 

O. S. Tubbs contributes the surgeon’s point of view, with an 
outline of the operative treatment of bronchopulmonary and 
mediastinal neoplasms, and shows the role which this form of 
therapy plays. 

Selwyn Taylor 


The Management of Bronchial Asthma: a Guide to 
Treatment 


Herbert G. J. Herxheimer. London : Butterworth & Co. Ltd., 
1952. viii + 107 pages ; 16 figures. 22 x 14cm. £1 2s. 6d. 


This is an excellent concise book, written particularly as a guide to 
treatment. There is a short section on aetiology, and the author 
summarizes : “* Many cases of asthma (the majority) show signs 
of allergy, but . . . there are cases in which nervous or local factors 
are so important that they might be regarded as the main cause ”’. 
A feature of the book is the assessment of various forms of treatment 
by the measurement of the vital capacity of the chest, and a number 
of illustrative graphs are given. 

The principal consideration is of the methods and technique of 
treatment, and Dr Herxheimer reviews those in general use. He is 
not concerned with the recommendation of any innovation, but he 
describes the available remedies and from his own wide experience 
gives precise advice on their use. The section on the drugs is that 
most fully done. For the relief of the acute attack he relies on 
adrenaline and isoprenaline, and concerning these he emphasizes 
the importance of an adequate initial dose. Perhaps here he might 
have mentioned the occasional accident from the giving of a 
largish dose of adrenaline intravenously. He gives a full account 
of the medicines available for the milder chronic phases, and con- 
siders ephedrine and aminophylline and particularly the anti- 
histamine group. He has paid especial attention to the admini- 
stration of many of these medicaments in the aerosol form. 

He passes shortly under review many of the other methods 
which have been employed to diminish sensitiveness to attack, 
including various injections and inhalations ; alterations in diet, 
which he does not think of much importance ; physiotherapy ; 
psychotherapy. He is satisfied that breathing-exercises are useful 
only for certain groups—those with chronic mild asthma, or with 
mild acute attacks. If they are used between attacks he thinks they 
confer no benefit. He refers to the considerable value of psycho- 
therapy in giving some patients more confidence and lessening their 
vulnerability ; but he concludes: ‘“* Physicians who regard 
asthmatics as psychological weaklings or as hysterical should 
leave the treatment to others.” 

The doctor will get great help in the management of his cases 
from this book, but he must not look here for a detailed description 
of the methods of desensitization. It is unfortunate that this very 
useful volume of some 100 pages could not have been sold at a 
lower price. 

Adam Patrick 
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Ear, Nose and Throat Diseases for the General 
Practitioner 


William McKenzie. Edinburgh: E. & S. Livingstone Ltd., 
1952. vii + 136 pages ; 2 plates ; 9figures. 19 x 13cm. 9s. 


This small volume has been written to interest the doctor who is 
in general practice and, therefore, it is somewhat elementary ; this 
should appeal to the busy practitioner who has little time to spend 
perusing a textbook of otolaryngology. 

The author rightly stresses the importance of the case history in 
the formulation of a diagnosis, and he presumes that the practi- 
tioner has no special instruments for making a specialist examina- 
tion, other than the universal tongue depressor, or spatula, and a 
torch. It is a pity that the author did not give a description of the 
different appearances of the tympanic membrane in the common 
inflammatory conditions of the middle ear, for very few practi- 
tioners are without an electric auriscope and some pictures of the 
otoscopic appearances would have been most helpful. It is stated 
that no one uses an auriscope in hospital out-patients’ departments, 
but this is by no means always true, for sometimes this instrument 
is used there by specialists ; and, as a rule, it is the only instrument 
available for examining the ears in the wards, and for domiciliary 
consultations. 

The problem of tonsils and adenoids is well presented and empha- 
sis is laid on the need for an adequate letter from the doctor con- 
cerning the frequency of attacks of tonsillitis, when he is sending 
patients to hospital for operation. This is a very good point. 

The book is somewhat unbalanced in that 60 pages are devoted 
to the ear and its diseases, including nine pages dealing with 
Méniére’s disease and vertigo. Vertigo requires specialist investiga- 
tion including audiometry and caloric tests of vestibular function 
and is, therefore, beyond the scope of the practitioner. On the 
other hand only 14 lines are devoted to a description of the oto- 
scopic appearances of perforations in chronic suppurative otitis 
media. Moreover, the nose and nasal! sinuses are dismissed in 
22 pages, the larynx in four, and malignant disease of the whole of 
the ear, nose and throat in six. No mention is made of pharyngeal 
diverticulum. There is room for elaboration in this section of the 
book. 

Throughout the book, considerable space is spent on the recount- 
ing of case histories, and, whilst this may help to emphasize the text, 
pruning here to allow of more information on subjects which are 
dealt with too briefly would improve the volume. There are 
numerous printers’ errors which will, no doubt, be corrected in 
future editions. 

F. Boyes Korkis 


Clinical Radiology of the Ear, Nose and Throat 
Eric Samuel. London: H. K. Lewis & Co. Ltd., 1952. viii + 


339 pages ; 320 illustrations. 25 x 19cm. £3 10s. 


This excellent and unique book has been written to emphasize 
the value and applicability of radiological methods to diseases of 
the ear, nose and throat. It is designed to fill an important gap in 
clinical radiology and it has achieved its object to the full. The 
book is well produced on the best paper, the type and illustrations 
are clear and easily read. It is divided into three sections: (i) the 
nose and paranasal sinuses, (ii) the auditory apparatus, (iii) the 
larynx and pharynx. It is unfortunate that the oesophagus was not 
included in the section on the pharynx and larynx as the otolaryngo- 
logist is a well-equipped and an experienced oesophagoscopist. 
Dysphagia and affections of the oesophagus are seen every day in 
the ear, nose and throat clinics, and all require meticulous radio- 
graphy, to which oesophagoscopy is an inevitable sequel. 

Each section is prefaced by a chapter on the radiology of the 
normal anatomy, and in the section on the nose and nasal sinuses 
the chapters on the development of the sinuses and fractures of the 
nose, and of the anterior fossa of the skull, are particularly well 
done. This section increases our knowledge of these conditions 
considerably. 

All the common clinical entities are described in detail, accom- 
panied by the appropriate radiological photographs. Perhaps the 
clinical details are too full. The microscopic section of a tumour 
on p. 117 might well have been replaced by a photograph, as the 
ethmoidal cells are not sufficiently displayed. Direct anteroposterior 
photographs of the ethmoids and of the concentrated lateral views 
are always required. However, with such a mass of good material 


collected by the author, the selection of the most suitable phot 
graphs must have been very difficult. The specialized radiologi 
technique, illustrated by drawings of apparatus, position a 
posture of the patient, is clearly and fully described. The pion: 
work of Graham Hodgson, Lysholm, Crichlow and others 
acknowledged. 

A unique description of the radiology of aero-sinusitis and 
allergic states is given. The radiographs of the anatomy of 
internal ear and of the petrous bone and other conditions are \ 
complete. However, a photograph of surgical emphysema surro 
ing a perforation of the pharynx or oesophagus is so valuable 
aid to the diagnosis of this urgent and dangerous catastrophe t 
one such might have been inserted. 

It is difficult to find anything of importance which has b 
omitted and the work is so good that most readers will ask for m« 
This useful book is a valuable and a very desirable addition to 
libraries of radiologists, otolaryngologists, teachers and student: 


E. D. D. Davi: 


Proceedings of the Fourth International Congress 
Otolaryngology, London, 1949. Volumes I & I! 


International ‘Congress of Otolaryngology. London: Brit 
Medical Association, 1951. Ixii + 1000 pages ; illustratio 
25 x 17cm. £5 5s. the set of 2 volumes 


The printer and publisher deserve the greatest praise for these | 
handsome volumes. The paper and print are excellent, and 
whole production is a striking example of the bookmaker’s cr: 
The contents must, however, be judged differently, for they ref! 
the difficulties of all international congresses, and, unless the rea: 
is prepared to face these difficulties, he may be disappointed. 

In the first place, there are a large number of authors, who h: 
had to make the most of the short time of 15 minutes allotted 
them; secondly, the papers were composed to be read aloud anc 
must therefore lose something by publication in book form. 

Everyone who attends an international congress remembers 
demenstrations and films; at this congress the films were mos 
popular, they needed no words and they were appreciated by every- 
one. The reader of these books must imagine the part which they 
played and he must be patient if the sequence of the articles appe: 
disjointed. He would be wise also to think of many of the artic'e 
as part of a much larger work which has been denied to him, so | 
he must consider them in the same way as he would an extract 
in the Excerpta Medica. 

With these reservations it remains to single out a few outstanding 
articles. The introductory account of penicillin by Fleming 
excellent. It ‘is simply written and easily read and it has been 
great help to me. The account of the treatment of aural vertigo 
W. J. McNally is more difficult to follow in the book than it was 4 
the time, but the conclusions areadmirable. J. A. Sullivan’s dis- 
cussion on the fenestration operation for otosclerosis is supported » 
convincing original work; his article makes me wish that m: 
time could have been found for him. 

Of the shorter contributions, penicillin in the treatment 
mastoiditis, by Munro Black, and osteomyelitis of the skull, by J 
Shannon, are both good and reflect the profound change in 
outlook in these conditions that penicillin has brought about. 

There is a quantity of valuable information in these two volum 
but they are hardly suitable for the student. They have been sent 
every member of the congress and they should prove their worth 
them, for the members are otologists who have heard the pap 
and should know the value of each contribution before reading |! 
print. 

William McKenzi« 


X-Ray Interpretation 


H. Cecil H. Bull, with a chapter on radiography of the he 
by James W. D. Bull. 2nd ed. London : Geoffrey Cumberleze, 
4 xxxiv + 406 pages ; 287 illustrations. 22 x 14 cm. 

s. 


The 2nd edition of this extremely useful book has now be-! 
produced, 16 years after its first publication. This delay, due 
the Second World War, was as unfortunate as its presence now 
welcome. 

__ This is a book which provides exactly what the clinician requi 
in order to appreciate the broad details of radiological interpre‘: 
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tion. It is not intended to be a textbook for radiologists (though 
radiologists will get much pleasure in reading it), but it is of un- 
doubted value to the senior student or the practitioner whose know- 
ledge of radiological diagnosis has, all too frequently, been a 
neglected or ill-taught subject of his curriculum. 

An unusual feature in a book on this subject is the complete 
ibsence of reproduced radiographs, yet it is profusely illustrated by 
287 figures. These illustrations take the form of simple line draw- 
ines and silhouettes which, in certain sections of the book, especially 
that on the gastrointestinal tract, are extremely good. To illustrate 
pulmonary lesions, however, by this method has not proved so 
effective, though it may be cogently argued that the reduced repro- 
ductions of chest radiographs of many another textbook are 
extremely inadequate. Undoubtedly, too, the expense to the 
prospective purchaser has been borne in mind and the cost could 
not have been kept so low had first-class reproductions of radjo- 
graphs been included. In the reviewer’s opinion the value of the 
diawings would have been enhanced for the student if more 

\otations had been provided. 

n a book which is written primarily for the senior student 
(vraduate or undergraduate) the necessary authoritative attitude 
hs been adopted and time and space are not wasted with too much 
theorizing. The subject-matter is well arranged and nicely printed 
ania feature is the excellent table of contents. It is written in a 
p!-asant style which makes it easy and attractive to read, and there 
ar’ a considerable number of bibliographic references for those 
w!o wish to delve more deeply into the subject. 

\ltogether, the book fulfills the requirements for which it is 
in‘ended and is undoubtedly a “* good buy.” 

G. A. Macdonald 


Te National Formulary 


British Medical Association & Pharmaceutical Society of Great 
Britain. London: Pharmaceutical Press, 1952. 196 pages. 
17 x 11cm. 4s. 6d. 


The 1952 edition of the National formulary retains in its general 
form and presentation the features of previous editions. A number 
oi new sections have been added and additions made to previous 
sections. The chapter, ‘* Notes for prescribers ’’, has been enlarged 
to 30 pages, and undoubtedly the information supplied will be 
found useful by some doctors. It is doubtful if a reference book of 
this kind should provide what is really a ‘* peptonized ”’ lecture on 
materia medica and therapeutics. Certainly the notes for prescribers 
are written with all the clarity of a military training manual ; but is 
this necessary to a learned profession ? 

\ section on the pharmacological classification of drugs is added 
and from this a doctor can see at a glance a list of preparations with 
similar pharmacological and therapeutic actions, and avoid an 
exhausting search through the many formulae presented in alpha- 
betical order elsewhere in the book. 

\n important and useful alteration is the introduction of English 
headings in the general section of the book. This has made pos- 
sible a more useful grouping of preparations. It would have been 
well if the committee responsible for this publication had gone one 
step further and withdrawn a concession to tradition by placing the 
English name of preparations before their Latin equivalents. 

Che main objective of the Formulary should be to clear the con- 
fusion created in a doctor’s mind by the daily arrival of literature 
advertising a host of remedies, each with its own proprietary name 
which need bear no relation to the official name or chemical con- 
stitution of the remedy. This task is difficult to accomplish’ but 
there is a section in the book which gives a list of official names with 
proprietary equivalents and in the present edition this has been con- 
siderably extended. It will be a race against the versatility of 
commercial practice but it is to be hoped that future editors of the 
Formulary will give this aspect of its function particular attention 
and not attempt to take over what should be the functions of a 
textbook. 

T. N. Morgan 


Clark’s Applied Pharmacology 


Revised by Andrew Wilson & H. O. Schild. 8th ed. London : 
J. & A. Churchill Ltd., 1952. xii + 691 pages ; 120 illustra- 
tions. 23 x 15cm. £1 17s. 6d. 


Vith the publication of his Applied pharmacology, A. J. Clark 
made an outstanding contribution to the study of rational thera- 
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peutics. The work was wide in scope and marked by Clark’s 
genius for originality of conception and exposition. Editions of the 
book published before his untimely death are still of the highest 
value to the student of pharmacology, but, since the publication of 
the a edition, pharmacological knowledge has increased very 
greatly. 

The authors of the present edition are to be congratulated for 
undertaking the work of revision of this outstanding book and upon 
the manner in which they have carried out their difficult task. Like 
many other rapidly advancing subjects, pharmacology is tending to 
disintegrate into a series of specialties and it becomes increasingly 
difficult for the practitioner of therapeutics to maintain the necessary 
contact with the pharmacological background of his art. By 
maintaining the general plan of the original work, while deleting 
and adding with discrimination, the authors have in their present 
edition been highly successful in fulfilling Clark’s original intention 
of “* bridging the gap ’’ between the science of pharmacology and 
the art of therapeutics. Here and there the enthusiasm of one or 
other of the authors shows itself by the assumption of a more 
detailed knowledge of pharmacological technique than is usual in 
the general reader ; this is seen, for instance, in the section on anti- 
histamine drugs. It is, however, a defect in the quality of the book, 
which occurs by no means frequently. 

The book is excellently illustrated by graphs and diagrams taken 
from authoritative sources. In scope, design and manner of presen- 
tation, Wilson and Schild have produced, by their revision of this 
work, one of the best textbooks in the English language for its 
purpose and size. It is to be commended to the attention of students, 
practitioners and, not least, to the specialists, of medicine. 


T. N. Morgan 


British Empire Cancer Campaign : 
Cancer in London 


Report of the Clinical Cancer Research Committee by W. L. 
Harnett. London: British Empire Cancer Campaign, 1952. 
vi + 834 pages ; 22 figures. 25 x 18 cm. £2 5s. 


This publication by the British Empire Cancer Campaign is a 
detailed statistical analysis of 15,200 cancer cases registered at 
hospitals in London between 1 April 1938, and September 1939, 
and comes as a timely reminder that the necessity for a system of 
registration and follow-up of cancer patients was appreciated and 
experimented with some years before our existing national scheme 
was born, in 1945, from the labours of the Radium Commission. 

The Report—prepared by Lt.-Col. W. L. Harnett and with a 
foreword by Lord Horder—has an introduction by Sir Heneage 
Ogilvie, from which we learn that ‘* All the Voluntary and L.C.C. 
Hospitals and most of the special hospitals in the County of 
London undertook to send in a completed case-sheet for every case 
of cancer seen, whether admitted to hospital or not”. ‘* Under- 
took ”’ is the significant word and some information on the degree 
to which this commitment was fulfilled by each centre would have 
been of assistance in considering the justification of the claim that 
the series is “‘ entirely unselected °’. 

Whether each of these 15,200 persons was alive or dead after 
5 years was definitely established in all but 400 (2.63%), aithough 
some inconsistency as to the initial point of observation—when 
first seen in hospital, date of operation, or date treatment was com- 
pleted—is apparent. 

The chief subjects discussed for each site or group of sites are : 
distribution according to age and sex, heredity, occupation and 
social class, past history (including syphilis), first symptom and 
delay in consultation, symptoms on admission, clinical stages : 
and 5-year survival rates according to treatment, stage of disease, 
duration of symptoms and pathological type of growth. Unfor- 
tunately, as the authors freely admit, the absence of control data 
and the high proportion of case sheets in which the relevant 
questions were unanswered, make the data unsuitable as the basis 
of definite conclusions on most of these aspects. 

A total of 15,200 cases is, in the aggregate, an imposing figure, 
but when subdivided into 25 main groups according to site (or 
44 sub-sites) provides only 6 main groups containing more than 500 
cases. When these are further subdivided into 4 clinical stages and 
6 types of treatment, the material available for the calculation and 
comparison of survival rates begins to look less imposing and the 
possibility of demonstrating statistically significant differences 
becomes relatively small. 
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The arrangement and presentation of the data is admirable and 
the qualifications—of the utmost importance these—are fairly and 
conscientiously stated. The statistical treatment is adequate 
although some of the conclusions are rather naive. For example, 
when the occupations of 90 male patients with cancer of the nasal 
cavity, paranasal sinuses and nasopharynx were arranged in order 
of frequency, and compared with the percentage of males in 
Greater London following the same occupations, no statistically 
significant differences were found (p. 30). The conclusion drawn 
was that “the incidence does not appear to be affected by the 
patients’ occupation ’’. Surely the only conclusion possible was 
that the data were entirely inadequate for determining whether 
occupation had any effect on incidence. There is, perhaps, a 
tendency throughout the Report to assume that the absence of 
Statistical significance proves that relationship between the factors 
compared does not exist. Statistical methods can never prove the 
absence of relationship. When differences fail to attain the level of 
significance, all one is entitled to say is that “ with these data it is 
not possible to demonstrate that any relationship exists ’’. 

No reader of this Report can fail to be impressed by the time and 
labour which its preparation has involved, nor will anyone dispute 
that, the data having been assembled, the Committee responsible 
were bound to make them generally accessible. It is perhaps 
questionable if publication on a less voluminous scale would have 
detracted much from their value. 

E. Lewis-Faning 


Diseases in Old Age: a Clinical and Pathological 
Study of 7,941 Individuals over 61 Years of Age 


Robert T. Monroe. Cambridge, Massachusetts: Harvard 
University Press ; London: Geoffrey Cumberlege, 1951. 
(Harvard University Monographs in Medicine and Public 
Health No. 11.) xi + 407 pages. 22 x 15cm. £1 12s. 6d. 


_ The growing number of elderly individuals in the population has 
inevitably posed certain social, economic and medical problems 
calling for urgent research in the field of geriatrics. In this volume 
the author is mainly concerned with the clinical and pathological 
records of a group of nearly 8,000 patients over the age of 61 
admitted to the Peter Bent Brigham Hospital during the years 
1913-43. While it is hoped that such a category may prove of 
value in forming a basis for further medical studies in old age and in 
revealing certain trends resulting from improved diagnosis and treat- 
ment, it is pointed out that any conclusions are representative only 
of a particular hospital and community. Of the 7,941 cases con- 
sidered, approximately half were male and half female (owing to 
the equality in the number of hospital beds available) ; in most 
instances the diagnoses were agreed on by several members of the 
staff, and there was a post-mortem review of two-thirds of the 
patients who died. The clinical and pathological features are 
tabulated under headings dealing with diseases of the various 
systems, and by appropriate references it is stressed that multiple 
pathology is frequent in the age-group under consideration. 

A number of interesting statements are contained in a summary 
of the medical findings ; these deal, among other matters, with 
the growing incidence of admissions of elderly patients to hospital— 
this is greater than can be accounted for by increasing longevity, 
the stationary proportion of cancer cases, the influence of heredity 
on attaining old age, and the effect of fluctuating economic condi- 
tions. A final section, on the aims and development of a geriatric 
clinic within the limits of the community resources, should prove 
stimulating to practnioners and sociologists alike. 

J. D. Fergusson 


REVIEWS 


The Management of the ** Hopeless ” Case 


C.J. Gavey. London: H. K. Lewis & Co. Ltd., 1952. v + 45 
pages ; 1 plate. 22 x 14cm. 9s. 


There is no greater test of the knowledge, resourcefulness «1d 
humanity of a doctor than the care of a case of incurable dise 
and yet comparatively little has been written to guide the in x- 
perienced in this all too common event. 

Dr C. J. Gavey, in the Harveian Society of London’s Bucks on 
Browne Prize Essay for 1950, deais iii: ine management of 
** hopeless ’’ case and although he says that he writes.specially 
students every practitioner might study his essay with profit. 
author has devoted particular attention to what he calls the n 
** philosophical ”’ aspect of the management of these cases but 
gives also much good advice as to the use of analgesics, hypno: 
and other aids to smoothing the downward path. The ve 
question of euthanasia is discussed with fairness and with 
prejudice. 

The only criticism one would make of the essay is that the w 
is rather too fond of quotations ; an average of about one per | 
seems excessive and he has so much wisdom of his own that he 
no need to borrow so freely from others. 

The booklet is well printed on thick, glazed paper and has fe 
misprints than are usual nowadays ; there is also a full lis: 
references and a sufficient index, and the binding is attractive. 
price, however, would seem rather high for a brochure of 
size, though perhaps present high costs of production make 
inevitable. 

Robert Hutchisc 


Any Questions? A Selection of Questions and 
Answers Published in the British Medical Journ: 


British Medical Journal. First series. London: Briv:s 
Medical Association, 1951. xii + 240 pages. 19 x 13 
7s. 6d. 


Since 1943 the British Medical Journal has published a weei\y 
page of readers’ questions, with the unsigned answers of speciai 
to whom they were submitted. A selection of these questions 
answers forms the subject-matter of this volume. 

The answers, which vary in length from a few lines to a pag 
more, have been revised by their authors, and classified 
indexed. They cover all departments of medicine from allerg: 
worms and deal with such varied subjects as the dangers of 
polish remover and the inheritance of deaf mutism. The arti: 
are concise and practical and, as might be expected from t! 
origin, deal with problems likely to arise in general practice. 
some cases the answers could no doubt be easily found in stand 
textbooks but in others, particularly where recent advances h.ve 
occurred, a reference library—which is not availabie to all—wo.'! 
have been needed. 

All medical men will find much to interest them and much 
learn in this small book. It is easy to read and can be picked up ‘: 
a few moments in a busy day, but it should be realized that it 
book of snippets and that the method of presentation prevents 
setting of each subject soundly in its context. It should be an 
couragement, not an alternative, to fuller reading, and in so 
of the answers references for this might well have been given. 

In these days it is a rare pleasure for a reviewer to be abl 
comment favourably on the price. This is excellent value. 


R. S. Stace 
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SURGERY & OPHTHALMOLOGY 


Fractures and Joint Injuries. Volume I 


Reginald Watson-Jones. 4th ed. Edinburgh: E. & S. Living- 
stone Ltd., 1952. xxiv + 443 pages ; 709 figures. 25 x 17 
cm. £6 


Twelve years ago there appeared the Ist edition of what may be 

ie of the last of the great textbooks, for the day of the one-author 

ook is apparently passing in every branch of medicine and of 
surgery. Osler, Starling, Cunningham, and other giants produced 
complete textbooks of their subjects which, apart altogether from 
their scientific value, had an artistic unity and told an exciting story 

} a way that cannot be recaptured by the modern textbooks, 
vritten mainly by committees and justly regarded as “ works of 
reference ’’, not as volumes to be read with pleasure from cover to 
cover. Happily, the subject of fractures and joint injuries can 
still be covered by one author and, happily again, the author has 
seen found who is equal to the task. This book has always held 

; own in the best company, and is assured of its place in the 
ciassics of British medical literature. 

The 4th edition has been awaited for some time. So far, only its 
first volume has appeared, but the second is promised for the very 
ear future. It is quite clear from this first volume that the new 
edition represents a very radical revision of the text. Some chapters 
are quite new ; there are many new illustrations, and dozens of 
additional references. Every one of the many thousands of readers 
will pick out different features for comment, and no brief review 
cin do real justice to it. 

This reviewer is impressed particularly by the author’s increasingly 
itical attitude to theories of bone-and-joint pathology. Traces 
old heresies still persist—but Sir Reginald may not regard them 

heresies. Opinions differ, and, though his cogent arguments 
acout the effects of compression and of metals in bone will cer- 
nly not get universal agreement, he would be the last to expect 
it. His chapter on pathological fractures is almost completely 
1ew ; it is admirable. 

This book is much more beautiful than the last edition. It has 
en possible to spare paper for larger pages and wider margins. 
ie illustrations and format remain examples of the best of their 
nd. Even more than previous editions, this volume reflects the 
‘atest credit on its publisher and its printer and block-maker. 

author cannot feel other than very proud of an admirable re- 
esentation of the standard guide for fracture-surgeons all over the 


rid. 
D. LI. Griffiths 
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Surgical Technique 


Stephen Power. London : William Heinemann Medical Books 
Ltd., 1951. x + 380 pages ; 198 illustrations. 19 x 13 cm. 
£1 10s. 


rhis is a small practical handbook written by a wise and practical 
surgeon. It would make an admirable gift for a man starting his 
first surgical appointment, or for a resident surgical officer, since it 
concerns itself entirely with the technique or, as the Americans 
would say, “* know-how ”’, of operative surgery. 

here is good advice on how to position the patient on the operat- 
ing table and also on the siting of incisions so that the maximum of 
accessibility is combined with a minimum of scarring. The principles 
underlying the various methods of suturing, especially as applied to 
the anastomosis of bowel, are most clearly presented. Haemostasis, 
the correct handling of instruments, the use of drains and a hundred 
and one other valuable tips are simply and clearly described. Much 
cl this information is usually acquired by a surgeon during his 
apprenticeship and there are very few books indeed where it can be 
found written down in this agreeable manner. 

n these days of specialization it is gratifying to see a general 
Surgeon describing the techniques for dealing with tendons, nerves 
and burns, and in addition presenting a good simple account of 
plastic surgery. There is included a chapter on the surgery of 
children which is clear and practical and will prove of great help to 

house surgeon confronted with the very different demands 
which this branch of surgery makes. There is a useful introduction 


to the treatment of shock and the giving of transfusions ; but there 
is an illustration of that dangerous practice of attaching a Higginson’s 
syringe to the bottle of blood. 

It is important that the young surgeon should know how instru- 
ments, dressings and other materials for operation are properly 
sterilized. This subject is dealt with clearly and adequately, making 
this little book a useful source of reference. Finally the art of tying 
knots, and also how not to tie them, is well described and excellently 
illustrated ; no doubt many house sureeons will want to buy the 
book for this chapter alone. It is a pity that some of the other 
illustrations, and especially the photographs, are not better repro- 
duced, but it is to be hoped that this is a fault that will be corrected 
in future editions, for which there is sure to be a demand. 


Selwyn Taylor 


Instruments and Apparatus in Orthopaedic Surgery 


E.J. Nangle. Oxford : Blackwell Scientific Publications, 1951. 
xv + 231 pages ; 200 figures. 25 x 19cm. £2 2s. 


The science and art of orthopaedics have been based upon the 
principle of physiological rest, a phrase which was coined by John 
Hilton in his classical work, On rest and pain (London, 1363). Inthe 
past, perhaps too much emphasis was placed upon the element of 
rest. Nowadays it would be better to refer to the principle as 
“* physiological control”’, for the modern orthopaedic surgeon 
insists that the apparatus which he uses shall not only facilitate the 
structural repair of diseased or injured tissues, but shall provide 
maximum opportunities for functional restoration at the appropriate 
time. It is unfortunate that the word “‘ splint ’’ has come to mean 
an immobilizing device, for originally a “ splint’? was something 
that permitted rather than restricted movement. In mediaeval 
times, for example, the movable sections of suits of armour—at 
the elbow or knee—were called “splints.” The modern splint 
serves a variety of functions such as (i) immobilization or limitation 
of movement ; (ii) support in opposition to the influence of 
gravity; (iii) the correction of deformity ; (iv) the mobilization of 
joints and (v) substitution for, or assistance of, defective muscles. 

Our concern today to deal radically with the more obvious causes 
of disease by surgery and by antibiotic agencies has done nothing 
to diminish the importance of the mechanisms for applying physio- 
logical control. 

It is a particular pleasure to notice the excellent manual which 
Mr Nangle has produced and which reflects admirably the catholic 
and eclectic approach to this subject in the two schools of ortho- 
paedics with which he has been associated, namely, the Wingfield 
Morris Orthopaedic Hospital at Oxford and the Royal National 
Orthopaedic Hospital at Stanmore. In this work, which is beauti- 
fully illustrated, one is presented with almost a complete atlas of 
the commonly-used appliances and for this purpose the author has 
ranged far and wide for his material. 

After discussion of general principles, there is a most welcome 
chapter upon the use of mechanical respirators in poliomyelitis. 
This is followed by good chapters upon plaster of Paris technique ; 
the construction and use of orthopaedic frames; and a particularly 
valuable chapter on counter-weighted appliances, a subject upon 
which Nangle himself and G. F. Dommisse have already made a 
valuable contribution. For the rest, the book deals in order with 
the various appliances used for the arm, spine and lower extremity 
and concludes with a useful section upon the use of plastics by 
John T. Scales. Each appliance described is illustrated and a full 
specification of materials used is given. 

There is little to criticize in a book which is so excellent. In some 
instances it would have been useful to have had a longér discussion 
of some of the principles underlying newer and unfamiliar appliances. 
There are few omissions of importance ; nevertheless it is a pity 
that no notice is given of the Tayler and Goldthwaite spinal braces. 
This is particularly unfortunate, for this book is a great contribu- 
tion by one who has taught and written much about the physiology 
of posture. 

Not only the author but his publishers are greatly to be con- 
gratulated. 

Norman Capener 
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Chiropodial Orthopaedics 


Franklin Charlesworth. Edinburgh : E. & S. Livingstone Ltd., 
1951. viii + 255 pages ; 131 figures. 22 x 14cm. £1 5s. 


This book deals with the relief of disabilities produced by deformi- 
ties of the foot, and the author describes many original appliances 
which can be used for the treatment of these conditions. Appliances 
are either corrective, protective, or prosthetic and may, in fact, 
combine all three of these qualities. It is essential that each appliance 
is individually fabricated and it is stressed that successful treatment 
of foot conditions by means of appliances can be achieved only if 
there is co-operation between the orthopaedic surgeon, the chiro- 
podist, and the technician engaged in the manufacture of the 
appliance. 

The essence of any appliance is lightness and resilience, coupled 
with adequate strength, and the author shows how the judicious 
combination of latex, sponge rubber, leather, and cotton gauze can 
give the desired results. The practical methods of working plaster 
of Paris, putty, and alginate impression materials are described with 
a wealth of detail which is rarely found in textbooks. A considerable 
section of the book is devoted to insoles and the correct design of 
shoes and lasts, the text being amply illustrated with photographs 
and drawings. 

A number of interesting cases is described and a description given 
of the lay-out of a new chiropodial orthopaedic unit at Hope 
Hospital, Salford, which may well be the prototype for future units. 

One cannot do better than quote from the foreword by Sir Harry 
Platt, in which he states that he feels sure that this monograph will be 
of the greatest assistance to orthopaedic surgeons, physiotherapists 
and chiropodists. It should also be of great interest to all those 
concerned with the manufacture of surgical shoes and boots. 

John T. Scales 


Text-Book of Ophthalmology. 
Ocular Adnexa 


Stewart Duke-Elder. London : Henry Kimpton, 1952.  xxxii 
+ 1085 pages ; 1181 illustrations. 25 x 17cm. £4 10s. 


A further volume of this unique work adds more to the debt 
which English-speaking ophthalmologists throughout the world 
owe to the author. It is planned and produced on the lavish scale 
of the earlier volumes and shows the same meticulous attention to 
detail which has characterized the others. The extensive subject 
of the ocular adnexa is divided into five groups : developmental 
anomalies, diseases of the lids, diseases of the lacrimal apparatus, 
diseases of the orbit and those of the para-orbital regions. 

The pleasing convention of introducing each chapter with the 
portrait and a brief account of a worker in the relevant field has 
been maintained and in this position are to be found Professor 
J. van der Hoeve, Arthur Jacob, Frederick E. Verhoeff, Walter 
E. Dandy and Wilfred Trotter, a truly international and representa- 
tive group ranging through the nineteenth century to the present 
day. 

The first chapter, on the developmental anomalies of the ocular 
adnexa, is relatively short and describes both the gross defects such 
as cyclopia, cryptophthalmos and deformities due to amniotic 
bands, and also to the relatively minor but more frequently 
observed lesions such as epicanthus, pigmentary anomalies and 
paradoxical movements of the lids. 

Over 400 pages are devoted to the diseases of the eyelids and the 
vast range of these pathological conditions is marshalled with 
consummate skill under 15 subheadings. After sections devoted 
to general considerations, such as disorders of the circulation, 
there are full accounts of the numerous inflammations and derma- 
toses which may affect the skin of the eyelids. These sections form 
a full introduction to the ocular aspects of dermatology and may be 
most profitably consulted by the dermatologists themselves. Both 
benign and malignant lid tumours are described in detail and this 
outstanding section concludes with detailed accounts of the motor 
anomalies of the lid motor reflexes, lid retraction, ptosis, orbi- 
cularis spasm, sensory lid disorders and pathological abnormalities 
of the palpebral aperture. 

The other chapters are subdivided and broken down into 
appropriate subsections and throughout there are numerous 
references to the relevant pages of the earlier volumes. The whole 
presentation is probably one of the greatest achievements of 
detailed compilation which has ever been attempted by a single 
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author in any branch of medicine. No medical library worthy of 
the name can afford to be without all the volumes of this textbook 
of ophthalmology and the present volume easily maintains ‘he 
highest standards which have been set by those which have alre: dy 
appeared. : 
W. J. B. Ridde 


A Synopsis of Ophthalmology 


J.L. C. Martin-Doyle. Bristol : John Wright & Sons Ltd., 1' 
viii + 238 pages ; 1 figure. 19 x 13 cm. £1 


It is not easy to give a comprehensive summary of the whok 
ophthalmology in one small volume and Mr Martin-Doyle is t: 
congratulated upon the manner in which the difficulties have b 
surmounted. Some teachers and many students dislike the pt 
lished summary and abstract, although many teachers use syno; 
of their own construction and recommend students to make t! 
for personal use. A strong case can be made in favour of book 
this kind in which the objective is clearly stated and the deriva 
nature of the work frankly admitted. 

The present volume is derived from the standard British work 
ophthalmology by Parsons, Duke-Elder, and Wolff, and co: 
quently it reflects the best of our current teaching and practic 
the subject. The experienced reader may wish to expand, or reject 
the compressed paragraphs and the telegraphic sentences and he yi 
find the text of great assistance in the revision of his own notes 0: 
the preparation of a lecture to either undergraduate or postgradu 
students. The author has included sections on matters of rec: 
interest such as retrolental fibroplasia, cortisone and various a1t 
biotic substances. The range of his miscellaneous reading is 
shown by the insertion throughout the text of a number of quot: 
tions, some wrested from their context, which are designed to relic 
the tedium of reading a purely factual book. 

A most useful table occupies three pages and contains, in abbre 
viated form and in alphabetical order, 32 eponymous syndromes. 
This is placed at the end of a rather brief chapter on ocular signs of 
general disease. References to the wider aspects of medicin 
relation to ophthalmology are, however, woven into the textu: 
the book and random pages have been found stimulating and 
thought-provoking. The book is a worthy addition to the ** Synop- 
sis ”’ series sponsored for so many years by the publishers. It should 
be appreciated by the three classes for whom it has been designed: 
the senior medical student, the busy general practitioner and ‘he 
postgraduate student of ophthalmology. In addition, the book 
might be of considerable value to a student whose native langu:ge 
was other than English. He might learn much by translating the 
simple language into his native tongue. 

W. J. B. Ridd: 


XVI Concilium Ophthalmologicum, 1950, Britanni: 
Acta. Volumes I & II 


International Congress of Ophthalmology. London: Br 


Medical Association, 1951. Vol. |: cxiii + 706 pages; 
figures. 25%16cm. Vol. Il: viii + 820 pages ; figures. 
25 x 16cm. £5 


The sixteenth International Congress of Ophthalmology was 
in London in July 1950. Owing to the intervention of the \ 
this was the first to be held since 1939. It was to be expected 
there would be a very large attendance and that communicat 
and discussions would range over a wide field of ophthalmolo: 
problems. That this was so is shown in the publication of the 
which comprises 1,526 pages in two volumes. The official 
guages were English, French, and Spanish. A résumé in t 
languages appears at the end of each paper but the discussions 
in one or other of the official languages, usually according t 
nationality of the speaker. An index of contributors is to be fc 
at the end of each volume. 

The first volume opens with a table of contents, the constitu‘: 
of the Congress and other affiliated international organizat 
and councils, an account of the opening ceremony, the preside! :tiz 
address and introductory speeches of representatives from eac!: ‘ 
the six continents, and the programme of events. There folloy 
list of representatives, members and associate members. The 
of the volume is taken up with the communications to the Cong! 
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The second volume contains a table of contents, and continues 
the communications to the Congress ; it also gives the reports and 
communications to the International Organization against Trachoma 
and the International Association for Prevention of Blindness. 

The main discussions took place round the two subjects chosen 
by the Council ; these were the “* Role of the Sympathetic System in 
the Genesis of Vascular Hypertension and its effect on the Eye”’: 
and “* Clinical and Social Aspects of Heredity in Ophthalmology.” 
rhe symposium on each of these two subjects is published in full, 
together with the discussions that followed. 

F. H. Adler (Philadelphia) dealt fully with the subject of hyper- 
nsion from the experimental, clinical and pathological aspects and 
-hiff-Wertheimer (Paris) laid rather more emphasis on the ocular 
fects. Hedley Atkins (London) dealt mainly with surgery and the 
‘sults obtained and to be expected. Considerable discussion 
lowed from which it emerged that there was still much to be 
arned about the mechanism of hypertension. 

On the subject of heredity, L. H. Snyder (from Norman, Okla- 
oma, USA) opened with an interesting paper on medical genetics 
nd their application in ophthalmic practice. A certain hard core 
{ cases of hereditary blindness can be reduced only by preventing 
ie haphazard mating of those capable of transmitting such diseases. 
his is stressed in the paper by Ida Mann (London) which followed. 
n account of exhaustive research into the tapeto-retinal degenera- 
ons and the heredo-familial degenerations of the cornea came 
om A. Franceschetti (Geneva) and his co-workers. 
Communications show the lively interest that exists among 
phthalmic surgeons in perfecting operative techniques, particularly 
| keratoplasty, cataract surgery, and detachment of the retina. 
ystemic diseases with ocular manifestations and physiology of the 
ye and optics were well represented. 

The editorial staff are to be congratulated on the production 
nd arrangement of the contents, and the publishers on the printing 
nd reproduction of the illustrations, which are first-class. 


P. M. G. Moffatt 


Tuberculosis of Bone and Joint 


G. R. Girdlestone & E. W. Somerville. London: Geoffrey 
Cumberlege, 1952. xii + 314 pages; 182 figures. 25 x 17cm. 
£2 5s. 


There are few orthopaedic surgeons who have taken more interest 
or gained more experience in the treatment of tuberculosis of bone 
and joint than the late G. R. Girdlestone who was for many years 
the senior surgeon of the Wingfield- Morris Orthopaedic Hospital at 
Oxford. It is fortunate therefore that, in collaboration with his 
younger colleague, E. W. Somerville, he had completed the revision 
of this book, which should be regarded as a standard work by an 
able exponent of the ideas and methods of Robert Jones, revised 
and brought up to date. ; 

The authors’ object has been not so much to deal with new inven- 
tions, theories or experimental work as to set forth a sound basis 
for treatment which has stood the test of time and on which may be 
superimposed future advances as they become proven. There can 
be no doubt that this object has been achieved. : 

The opinion is strongly expressed that tuberculosis of bone and 
joint must be regarded as part of a general condition in which, as 
well as special treatment for the bone or joint affected, general 
treatment in an open air hospital is required. The authors discuss 
the question of the treatment of patients affected by tuberculosis ot 
the skeleton and of the lung combined. Their suggestion is that 
for these cases regional combined units should be established. 

There is a very useful appendix on splints and appliances, all of 
which are clearly described with notes as to the measurements 
required. : 

It may be that within the next few years the development of 
chemotherapy may lead to a revolution in the treatment of tuber- 
culosis. Whether this is so or not, this book will still be of the 
greatest value to all those who are responsible for the treatment of 
this condition. 

A. S. Malkin 
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\ Textbook of General Physiology 


Hugh Davson. London: J. & A. Churchill Ltd., 1951. xiii 
+ 659 pages ; 288 illustrations. 24 x 16cm. £2 5s. 


The publication of Bayliss’s Principles of general physiology in 
914 marked the first serious and successful attempt in English to 
-xpound as a unitary theme the nature of the physical and chemical 
oundations of the study of physiology. The brilliance of the 
xposition and the cardinal importance of the topic secured for the 
work an international reputation which, since Bayliss’s death in 
924, when the 4th edition was published, has declined to the status 
‘f a cherished memory. 

Dr Davson has now produced a stimulating, well-written book 
irom a similar though not quite identical point of view. His task 
ias been in one way simpler than that of Bayliss, though in another 
1 good deal more difficult. It has been simpler in that, since Bayliss 
howed the way, a generation of physiologists has regarded it as 
ixiomatic in practice as well as precept that the objective of physio- 
ogical investigation, namely, the description of phenomena in 
‘erms of chemical and physical ideas, is largely achievable. On the 
other hand, it has been made more difficult by the vastly greater mass 
of data (provided by the intensification of the research effort, by the 
efinement and multiplication of available techniques, and by the 
imple flux of time) from which the modern author has to select. 

The present book will be exceedingly useful to senior under- 
‘raduates of good calibre, but it will be most particularly welcomed 
xy physiologists whose own research and teaching interests are 
eginning, as is usual, to contract in scope as they increase in 
ntensity. Whereas it was essential that Bayliss should place the 
najor emphasis on the nature of the techniques available for the 
nvestigation of physiological matters, Dr Davson is now able to 
proceed, in many instances, to give self-consistent explanations 
eached by the use of those techniques during the last 30 years. The 
want of such a summary was beginning to be acutely felt ; this book 
:0€S a great way to satisfy the demand. It shares with its famous 
prototype the merit of being a personal or synoptic work. The turns 
f emphasis which characterize the author here and there are at 
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worst harmless and at best remarkably stimulating. This is, in 
short, a first-class book. The illustrations are many and, upon the 
whole, excellent, and it is worthily indexed. 

C. L. G. Pratt 


Marshall’s Physiology of Reproduction. Volume II 


Edited by A. S. Parkes. 3rd ed. London : Longmans, Green 
& Co., 1952. xx + 880 pages ; figures. 25 x 17cm. £7 10s. 


‘* The appearance of The Physiology of Reproduction in 1910 was 
an event in the history of biological literature ’’. Thus Dr Parkes 
introduces the preface to the 3rd edition, the appearance of which 
is an event of no less importance. The vicissitudes of its publica- 
tion are well related by the editor and, while the new edition would 
have been most welcome several years ago, nevertheless the maturity 
of the present text can, in no small measure, be attributed to the 
revisions enforced by years of delay. 

The work, formerly bearing Marshall’s authorship only, has now 
been written by a number of eminent British biologists, each 
chapter having been prepared by specialists in the field. This, as 
well as the division into two volumes, was a natural result of the 
great expansion of knowledge since the appearance of the original 
work. The work presents in the broadest sense the comparative 
physiology of reproduction among vertebrates, although many 
references to lower forms will be found also. Volume I deals with 
the events up to and including fertilization of the ovum, and is yet 
to be published. In volume II the first four chapters (14-17) are 
devoted to various phases and aspects of the development of the 
fertilized ovum ; and the following five chapters (18-22) to the 
events of reproduction connected with and affecting the parental, 
especially the maternal, organism. The chapter on the life-cycle 
completes the volume and ends very aptly with considerations of 
rigor mortis as if to remind us that life begins with death. The late 
Dr Marshall contributed specifically to two chapters only, one on 
parturition and the other on the life-cycle ; nevertheless the work 
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as a whole bears the imprint of his synthetic mind. The order of the 
original book is still recognizable and the chapters are arranged as 
closely as possible in a sequence which follows the chronology of 
physiological events. 

This book presents the very best in biological work in Great 
Britain. Marshall's original work stimulated an intensive research 
of the processes of reproduction and ensured a lasting leadership 
for British science in this field and it is not surprising, therefore, to 
see next to him as the authors of the present work such a brilliant 
constellation of eminent men as E. C. Amoroso, J. D. Boyd, the 
late Sir Joseph Barcroft, F. A. E. Crew, S. J. Folley, W. J. Hamilton, 
John Hammond, A. St G. Huggett, J. Chassar Moir and the late 
Professor W. H. Newton. 

It would be improper to single out any one chapter either for 
praise or criticism ; the work must be judged as a whole and it is 
in this respect that the book excites admiration. Each chapter 
might have been published as an independent monograph, yet the 
masterly editorship has blended them all into a harmonious unit. 
On account of the completeness of each chapter there are some over- 
lappings ; this fact is, however, more of an asset than a drawback. 
As is inevitable with a work of this size, publications of the last five 
years could not be included ; but if the reader inquires how far 
this “* deficiency ” affects the work, he must admit fairly that only 
some details are missing. Perhaps only in the chapter on lactation 
can we seriously regret that it was impossible for Dr Folley to 
include the results of his own investigations of the last few years on 
the metabolism of the mammary gland, a subject which he has 
much advanced. 

The entirely new illustrations, which abound in the work, are of 
great excellence both as far as their didactic qualities and their 
reproduction are concerned. 

It is sad that Dr Marshall died before the appearance of this 
edition, of which he ought to have been proud. Marshall’s physio- 
logy of reproduction will, with the further advance of knowledge, 
no doubt undergo changes in the decades to come, but—in whatever 
form—it will stand to commemorate Marshall's intuitive and syn- 
thetic genius. 

It is a pleasure to welcome this edition and to offer the editor, the 
authors and the publishers sincere congratulations on their success- 
ful co-operation. 

G. Popjdk 


The Organization of Bones 


P. Lacroix. Translated from the amended French edition by 
Stewart Gilder. London: J. & A. Churchill Led., 1951. 
viii + 235 pages ; 87 illustrations. 22 x 14cm. £1 5s. 


The compelling interest in bone is not in its structure or even in 
its growth but in its inductive potency. It retains in adult form 
something of the tissue potential of the embryo. No other tissue, 
when grafted, possesses the quite unique property of inducing the 
host tissues to change into the corresponding graft tissue. Thus it is 
that the problems of osteogenesis have always attracted the experi- 
mentalist, and Professor Lacroix is now universally acknowledged 
as an authority on this subject. There is always inherent quality 
in a book which centres on the work and personal observations of 
the author and whose argument is a posteriori. 

Professor Lacroix’s book, L’Organisation des os (Masson, 1949), 
is here translated from the amended French edition by Dr Stewart 
Gilder. The first part deals with the structure, growth and develop- 
ment of bone, incorporating some new interpretations—results of 
the author’s own work. It includes, for example, an account of the 
part played by the “* perichondrial ring ’’ in the remodelling of the 
metaphysis, and there is a description of the influence of the 
stretching of the periosteum on the final direction of the nutrient 
canals. In this section, the British reader may feel unfamiliar with 
the substitution of ** osteone’’ for “* Haversian system ’”’, and the 
use of the expression “secondary ossification”’’ to denote the 
“* fragmentary substitution ”’ of diaphysial compact bone is at first 
confusing. 

The remainder of the book deals mainly with a description and 
discussion of the experimental work of the author, in particular the 
results of bone grafting. His favourite site for the bone graft is 
under the capsule of the kidney, and here he has observed the results 
of the grafting of various parts of epiphysial cartilage, epiphysial 
bone, osseous and periosteal grafts, bone autografts and homo- 
grafts. Finally, on the basis of his results and those of other 
workers, in particular Levander and Annersten, Lacroix propounds 


the theory, now associated with his name, that osteogenesis 
controlled by an organizer substance inherent in bone, which 
terms “* osteogenin ”’. 

Not all Professor Lacroix’s conclusions will find univer 
acceptance ; many are still acutely controversial. His conclusi 
that bone autografts die and become completely absorbed is c: 
trary to some recent findings and, moreover, is not confirm 
clinically. It has been shown that autografts of bone, after .: 
initial period of devitalization, recover and survive as active, li\ 
bone. It would have been interesting to have had the auth« 
views on the heterotopic ossification which is induced by hon 
grafts and which, although host tissue, subsequently dies and ac 
to the graft sequestrum. 

There is still much to learn about osteogenesis and the nature 
the essential changes in the transformation from mesenchymal cx 
to osteoblasts. Presumably this involves some alteration in the « 
enzyme mechanism. Fuller and more precise knowledge of 
cytochemical activity of the bone cell during growth and devel 
ment is an obvious corollary to an understanding of osteoge 
phenomena. 

The organization of bones provides stimulating reading, insti 
with the enthusiasm and eloquent argument of authoritat 
personal observation. There is no evidence of bibliograp 
chauvinism—a tendency of the day—and the book gives full 
comprehensive references. 

G. M. Wybur 


Hormones : a Survey of their Properties and Uses 


Published by direction of the Council of the Pharmaceutica 
Society of Great Britain. London : Pharmaceutical Press, 1951. 
xii + 220 pages ; 34 figures. 23 x 14cm. £1 15s. 


The preface of this work is dated June 1951, and a study of ' 
references would indicate that the literature is reviewed up to about 
1949. We have, therefore, an up-to-date book which should ¢ 
tainly have a wide appeal. A general introduction describes 
principles of internal secretions, and this is followed by a very b: 
chapter on the historical aspects of endocrinology and one 
general physiology of the hormones. In separate sections on | 
various individual hormones, each hormone is dealt with both from 
the chemical and the biological points of view, so that the reader c 
obtain a clear picture. 

The standard of the work is very high and it is difficult to p 
out any single section for comment. A reviewer naturally turns 
the subject that interests him most and if one takes chapter IV, 
the study of the steroid hormones, one can get a good idea of tix 
general excellence of the work. This chapter commences with 
competent sketch of the chemistry of the sterols, cholesterol, an 
bile acids, and there is a very good but brief section on the ster: 
chemistry of these bodies. There then follows quite a detaile: 
account of the individual steroid hormones, and in addition there 
a full account of the artificial hormones such as stilboestrol. Here 
the general methods of synthesis of substances such as stilboestro! 
hexoestrol and dienoestrol are considered. A valuable addition 
to the work is chapter VII, concerning the pharmacy of the hormone 
preparations already named. In chapter VIII is a very useful 
of the substances and the names of their makers, and some descri> 
tion of the form in which they are supplied. 

The book can be recommended for its high standard of clar: 
and accuracy. It should appeal particularly to consultants, gener:1! 
practitioners and pharmacists, as containing between its covers 
information that they would not be able to find elsewhere except » 
consulting a large number of books. 

E. C. Dodds 


Vitamins: a Digest of Current Knowledge 


Leslie J. Harris. London: J. & A. Churchill Ltd., 195°. 
xii + 244 pages ; 84 illustrations. 19 x 13 cm. 15s. 


In some 200 pages Dr Harris has given a readable and lucid 
summary of knowledge about the 20 vitamins known to contribut 
to the nutriture of man and animals. He emphasizes particularly 
the nutritional aspects of the vitamins, but does not ignore the'r 
activity in cellular processes. Early in the book is a satisfactor: 
historical explanation of the confusing nomenclature of the vitamins, 
a nomenclature which could easily be destructive to the interest 0! 
the non-specialist reader. Of the vitamins A, B,, C, D and nicotin- 
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amide—the better-known vitamins—the author writes at some 
length, but in dealing with the others he is more restrained—and 
justifiably. His account of each vitamin is simple and straight- 
forward and avoids, to a great extent, controversial material. The 
clarity of the author’s presentation is further increased by numerous 
excellent illustrations of vitamin deficiency, with tables and graphs. 
The properties and peculiarities of the individual vitamins are, 
indeed, dealt with concisely, but with numerous references which 
will aid any interested reader to extend his knowledge. The book 
should prove useful to those who want an easily assimilable survey 
present knowledge of the vitamins and to those who want at 
and ready information of a practical kind, such as vitamin require- 

nents of humans or methods of vitamin assay. 

J. R. P. O’Brien 


he Biology of Human Starvation. Volumes I & II 


Ancel Keys, Josef Brozek, Austin Henschel, Olaf Mickelsen & 
Henry Longstreet Taylor. Minneapolis : University of Minne- 
sota Press ; London: Geoffrey Cumberlege, 1950. Vol. |: 
xxxii + 763 pages; 111 figures. 26 x 18 cm. Vol. Il: 
viii + 621 pages ; 47 figures. 26 x 18cm. £6 10s. the set of 
2 volumes 


t is rare in these days to be able to say of a new medical work : 
* tt will become a classic from the day it is published.”’ Yet these 
are the late Sir Jack Drummond’s words in a foreword to this book 
ind all who study it will certainly agree with him. 
The “* Minnesota experiment”? was already well known to 
tritionists throughout the world as the most important and 
refully planned experiment in human nutrition that has ever been 
undertaken. Briefly, towards the end of the late war, a group of 
volunteers was fed for six months on a diet providing about half 
eir true caloric needs. Their physical and mental changes were 
asured by every conceivable test, as they progressed to starvation 
d throughout their subsequent recovery. Under precisely con- 
\iled laboratory conditions, the practical problems of famine that 
ve vexed mankind since the dawn of history were for the first time 
accurately scrutinized and elucidated. Two preliminary reports on 
the experiment were prepared and privately circulated in time to be 
>! use in the planning of famine relief after the war. But here, for 
the first time, are the full results of the experiment. 
The first volume deals with the morphological, biochemical and 
\ysiological changes observed, and they are compared in the most 
scholarly fashion with practically all the past literature on the sub- 
ct. Volume II deals with the remarkable psychological effects of 
siarvation—never before properly investigated. There is also a 
ection dealing with nutritional factors in endocrine disorders, 
infections and neoplasms. The last half of the second volume gives 
a detailed account of the methods used, many of which are new and 
will be useful in the solution of future medical problems. It con- 
‘ludes with a massive bibliography. 
[his is a brilliant demonstration of what can be achieved by a 
odern team of research workers. No single man in a whole life- 
time could have sorted and put together so much information. All 
joctors throughout the world who have to deal with nutritional 
problems ought to have access to this book. It is in every sense 
classic in the long history of man’s growing power to control 
himself and his environment, and for it the senior author and 
inspirer of the project, Dr Ancel Keys, deserves special praise. 


A. P. Meiklejohn 


Metabolism and Function in Nervous Tissue 


Organized and edited by R. T. Williams. Cambridge : 
University Press, 1952. (Biochemical Society Symposia No. 8.) 
102 pages ; figures. 25 x 16cm. 12s. 6d. 


This booklet contains the seven papers which were presented at 
the Biochemical Society Symposium held in November 1951, and 
each reviews a selected topic. The peculiar dependence of the brain 
for its vitality on carbohydrate metabolism is of special interest, 

nd its many aspects are dealt with by R. V. Coxon. Glutamic 
cid, apparently of special significance in brain function, and its 
ciation to the nervous system, is discussed by H. Weil-Malherbe 
in a paper covering the work of the last two years. Some of the 
claims which have been made for the clinical and psychological 
etiects of administered glutamic acid are effectively disposed of. 


“* Phosphates and nucleotides of the central nervous system ”’ is 
the subject covered by H. MclIlwain in a detailed review showing 
some of the many ways in which metabolic events can be considered 
to be related to other activities of ihe central nervous system. It 
has long been known that there is an exceptionally high concentra- 
tion of lipids in brain. This subject is discussed by G. H. Sloane- 
Stanley, who gives an account of their chemistry and metabolic 
functions. D. Richter deals with biochemical changes which occur 
in brain at different stages of activity. This paper includes some 
stimulating observations on the acticn of narcotics. An outstanding 
biochemical problem—the mechanism of the transport of ions in 
tissues against an electrochemical gradient—is discussed by R. E. 
Davies & H. A. Krebs. Their hypotheses, though admittedly 
tentative, should stimulate further work in this field. The last 
paper, by R. M. C. Dawson, reviews the use of radioactive isotopes 
for the elucidation of metabolism in nervous tissue, with special 
reference to compounds containing labelled phosphorus. 

The pioneering work of Thudichum on the composition of brain 
was carried out nearly a hundred years ago. Since his death, in 
1901, not many biochemical studies of central nervous tissue, with 
few notable exceptions, were undertaken until the late 1920's. 
This is therefore a comparatively new field, in which much has 
already been accomplished, as is evident from the papers. This 
publication may be regarded as a progress report on the present 
state of knowledge ; it maintains the high standard of presentation 
of the other Biochemical Society Symposia and will undoubtedly 
stimulate interest and activity in a most important field. 

R. Consden 


The Physiology and Pathology of Exposure to Stress : 
a Treatise Based on the Concepts of the General- 
Adaptation-Syndrome and the Diseases of Adapta- 
tion 


Hans Selye. Montreal: Acta, Inc. Medical Publishers, 1950. 
xx + 1025 pages ; illustrations. 25 x 18cm. £5 5s. 


Annual Report on Stress 


Hans Selye. Montreal : Acta, Inc. Medical Publishers, 1951. 
xxxi + 644 pages ; illustrations. 25 x 18cm. £4 


Among the major problems which beset the research worker 
must be placed the means of keeping abreast of an ever increasing 
literature. Gradually there have been added to the literature 
textbooks written by teams of experts, review journals, abstracting 
journals, loose-leaf textbooks, annual reviews, and now the first 
annual supplement to the treatise on stress. Since the author com- 
pleted the treatise, some 3,000 more references relating to the topic, 
mostly published within the academic year 1950-51, have appeared. 
The Annual report on stress has consequently been “ written as a 
combination of an extensive classified index of pertinent new facts 
(literature and unpublished observations made at our Institute 
during the year), and as a concise textbook-like . . . evaluation of the 
principal findings ”’. 

After an introduction of some eight pages in which the scope, 
manner of presentation, sources and suggestions as to the way in 
which this book should be used, the text follows rigidly the pattern 
of its predecessor. Part I occupies 49 pages and is concerned with 
the general physiology and pathology of stress. Part II (425 pages), 
on special physiology and pathology of stress, deals with data con- 
cerning the action of stress on individual tissues, metabolic changes 
and functional responses, e.g., resistance and inflammation. 
Part III (5 pages) is a sketch for a unified theory of medicine. 

Throughout the text of both volumes superscript numbers refer 
to abridged references which are placed at the foot of each page and 
which indicate the author and the relevant year in which the publica- 
tion appeared. Asin the mother book, in the annual report the full 
bibliographic reference is given in alphabetical sequence of authors’ 
names and for convenience is printed on yellow paper. Both 
volumes possess some of the characteristics of a new experimental 
technique, enlightening, thought-provoking and maddening. 

It is to be hoped that the future annual supplements to Stress will 
eschew both remarks on unpublished observations in the text and 
bibliographical references to papers which are “* in the press *’. The 
extent of the coverage of the published literature which has been 
collated in this volume is worthy of note. As one who has had a 
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minor part in the abstracting of physiological literature during the 
past two years the reviewer can wholeheartedly congratulate the 
author, printers and publishers on an outstanding production in 
format, typographical accuracy and speed of delivery. 


C. ¢. N. Vass 


Untoward Reactions of Cortisone and ACTH 


Vincent J. Derbes & Thomas E. Weiss. Oxford: Blackwell 
Scientific Publications, 1951. (American Lecture Series No. 
131.) vii + 51 pages. 22 x 15cm. 8s. 6d. 


In the selection of the newer and more powerful therapeutic 
agents which are now available to the medical profession, the 
physician must pay increasing attention to those reactions which 
are undesired or unexpected, and which occur in addition to the 
beneficial effects which he is seeking to produce. Two of the most 
potent of these new drugs are cortisone and adrenocorticotrophic 
hormone (ACTH), and since these agents are relatively new, and 
periods of observation of controlled series of cases are therefore 
relatively short, our knowledge of the physiological and pharma- 
cological action of these preparations is still incomplete. 

This volume represents an attempt to classify all the untoward 
reactions which have been reported to result from the clinical use of 
these hormones, under the headings of the various systems of the 
body. At the end is an adequate bibliography of the references 
quoted in the text. 

In their introduction the authors point out that it is not correct 
to categorize as “* side-effects *’ all the unwanted features recorded, 
since many are normal physiological consequences of their 
administration, whilst others may be disadvantageous only in certain 
circumstances. An illustration of the latter is the development of 
the osteoporosis which may follow the use of both cortisone and 
ACTH, and which may lead in certain circumstances to spontaneous 
fracture of the affected bones. 

This is likely to be a useful little book, although the information 
contained will, presumably, need to be kept up to date by frequent 
new editions, as knowledge increases. 

W. S. C. Copeman 


Observations on the General Effects of Injury in Man, 
with Special Reference to Wound Shock 

R. T. Grant & E. B. Reeve. 

Office, 1951. 


Series No. 277.) xiii + 313 pages ; 19 figures. 24 x 15 cm. 
8s. 6d. 


London : His Majesty’s Stationery 
(Medical Research Council Special Report 


This book is the long-delayed outcome of clinical and clinico- 
pathological observations made on 120 civilian casualties observed 
in London and Newcastle from 1940 to 1943 and on 110 battle 
casualties occurring on the Italian Front from 1944 to 1945. 

It is the first time that such complete records of the effects of 
violent injury in man have been presented as a whole and there is no 
doubt that this arduous task needed doing, or that it has been done 
well. The main findings and conclusions could be covered in a 
fairly short paper but the authors have chosen to present many case 
histories in great detail and to subdivide in tabular form much 
helpful and some rather unhelpful (viewed statistically or clinically) 
data. Their justification for this is that previous descriptions of 
the state of shock in man have often not been supported by relevant 
clinical histories and it was thus impossible to be certain whether a 
typical state following a particular kind of injury or the observer’s 
impression of an individual “* shocked *’ patient was being described. 
The method makes for rather heavy reading, for such case histories 
are bound to be repetitive. They are, however, in small type and 
the authors rightly maintain that since the work is a clinical study 
full clinical histories are an essential part of the evidence. 

The book has four sections : “ Injuries to the limbs” ; “* In- 
juries to the abdomen” ; “ Discussion ’’ ( a comparison of the 
findings with those of others); “ Clinical pathology ’’ (methods 
and illustrated case records). The general reactions of the injured 
are followed in the pre-operative, operative and the very important 
postoperative stages. From the mass of data thus presented the 
** .. . chief finding is that in limb injuries and in the early stages of 
abdominal wounds before the onset of peritonitis reduction of 


blood volume by haemorrhage is the chief factor responsible 
illness.”’ 


In limb injuries in soldiers a systolic blood pressure 


100 mm. Hg is associated with a blood volume not less than 7:\°/ 


of normal, a critical level at all stages of the post-traumatic st: 


In postoperative abdominal injuries, infection and water ; id 


electrolyte disturbances complicate the issue and the blood volu 
can be determined only by direct methods. 
comes of the inquiry are too numerous for individual mention 
are valuable. Great stress is laid on the wound size (measure: 
terms of hand size) in assessing the blood loss, but the auth: 
opinion of its practical clinical value is not clearly stated. 


Such practical o. 


I myself observed many battle casualties and can there! re 


appreciate the tremendous difficulties of obtaining and analy: 
the clinical data. 
mittee of the Medical Research Council on the clinical finding 


In 1942, in a report to the Clinical Shock C: : 


100 cases of industrial injury, Green, Holdworth & Parkin emp : 


sized the importance of very early operative treatment, combi 
with blood transfusion where indicated. The impression 
gained, however, that blood loss was not the only important fac 
though later experience indicated that it might well be so in b: 
casualties. Even in some of these, however, it was thought that 
effect of the ischaemia of large muscle masses produced by explo 
missiles reinforced considerably the more generalized ischae 
produced by haemorrhage. The work under review stresses that 
only important factor in traumatic “ shock ”’ in limb injurie: 
young soldiers is loss of blood. But it has to be remembered 
the cases analyzed are admittedly selected to simplify interpreta 
and that the nearer one approaches the pelvis and the large mu 
masses the more dangerous the injury becomes and the less easy 
to find the uncomplicated limb injury for study. 

There is no space to mention all the many aspects of the resp« 


to injury, such as the reaction to transfusion, the lung and kid:cy 
complications, fat embolism, the serious complications due t 


failure to restore electrolyte balance after abdominal operat 
and so on. 
doubt be read by many hundreds of medical men whose day-to- 
job for several years was to care for the types of patient so t 
described in this work. Nor will the reviewer now cross swords 
the use of the word-“ shock ”’ which the authors try to re 
though not altogether successfully, by defining a series of circ 
tory states following trauma. Now in disgrace (probably justifia 


They are all most adequately dealt with and will » 


the word “ shock ”’ will come into its own again when experiment: 


elucidation of its mechanism has succeeded in giving it a pré 
definition applicable to all species. — 
H.N. Gr 


Liver Disease 


Edited by Sheila Sherlock & G.E. W. Wolstenholme. Londen 


J. & A. Churchill Ltd., 1951. (A Ciba Foundation S 


posium.) xiii + 249 pages; 112 illustrations. 21 x 14cm. £1 5 


This volume is a report on the Ciba Foundation Sympos 
organized by Dr Sheila Sherlock, and comprises three major 
three minor sections. 

Part I, “* Protein metabolism in liver disease ”’, deals with 
major problems : the significance of flocculation tests and b! 
protein analysis, and the effect of variations in the protein con 


of the diet upon the production of pathological changes in the Ii. <r. 


N. F. Maclagan, H. Popper and H. Ducci agree that variation 
the flocculation tests can occur in the absence of quantita 
changes in the blood proteins. There is also general agreement 
the changes in the flocculation tests are more marked in infec 
hepatitis than in chronic hepatitis. The reason for this anoma 
considered to be a qualitative rather than a quantitative cha 
in the albumin content. Several views are expressed as to 
nature of the qualitative change, such as that it might be du 
an added lipoid fraction, but no final agreement was obtai: 
C. E. Dent and co-workers report upon the daily analysis of 
amino-acid content of the urine in a variety of hepatic condit 


and suggest that a rise in the cystine levels may be a sensitive tes: of 


liver damage. 

Part II, “* The aetiology of hepatic cirrhosis ’’, opens with a \ 
critical review of the previous experimental work by L. E. Gl) 
P. Gy6rgy presents evidence as to the value of antibiotics, 
particularly of aureomycin, in preventing experimental mas 


necrosis. The discussion in this section is indicative of the var 


of opinions still held as to the aetiology of hepatic cirrhosis. 
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Part III deals with the aetiology of portal hypertension and 
ascites, and its treatment. The lack of correlation between observed 
mechanical factors and the degree of ascites is stressed, as are the 
variety of possible causes of the ascites. The importance of the 
serum albumin levels and of sodium retention is constantly stressed 
and A. Gammeltoft suggests that the production of postoperative 
ascites may well be due to heavy loading with sodium during the 
oneration. The factual analysis made by Gammeltoft and A. I. S. 
\tacpherson of their surgical experiences is most valuable but it is 
not quite clear whether they are referring to the same material from 
for Arthur H. Blakemore’s clinic. 

The last three sections, “‘ Pigment metabolism ’’, ‘* Splanchnic 

90d flow ’’ and “* Infectious aspects of liver disease ’’, indicate the 

mplexity of the problems under review. 

The book should be read by all interested in liver disease, as 

mething of the provocative character of presentation of the papers 

id of the discussion is preserved in the text, a notable compliment 

the editors, Drs Sherlock and Wolstenholme. 


R. E. Tunbridge 


infective Hepatitis : Studies in East Anglia during the 
Period 1943-47 


F. O. MacCallum, A. M. McFarlan, J. A. R. Miles, M. R. Pollock & 
C. Wilson. London: His Majesty’s Stationery Office, 1951. 
(Medical Research Council Special Report Series No. 273.) 
vi + 144 pages ; 21 figures. 24 x 15 cm. 4s. 6d. 


This Report contains one of the most comprehensive studies of 
fective hepatitis ever undertaken in Britain. Material for this was 
‘ovided by compulsory notification of the disease. in an area 
intaining about 2.6 million people. 

The section on epidemiology describes in detail the spread of the 

sease, which was usually centrifugal, and confirms the recognized 

cts of age and seasonal incidence, and the incubation period. 
Excellent charts and maps present a clear picture. A broad aspect 

the epidemic is necessarily adopted, but a detailed study of a 

nall area, and an excellent account of an outbreak in an institution, 
are included. Suggestions are made for controlling an epidemic, 
especially that suspects in schools should be isolated for one week, 
and that proper sanitation should be enforced. Direct contact 

ppeared to be the mode of spread. 

The clinical studies were made on 300 cases among the armed 
Forces, and there is a very detailed analysis of the disease in this 
group. It is regrettable that other age-groups could not have 
been similarly studied. More non-icteric cases would surely have 
been found in children. Cases among home-based troops showed 

remarkable resemblance to those originating in troops in the 
N lediterranean area, and pre-icteric symptoms were not seen during 
relapses. 

The biochemical studies confirm that liver damage occurs early, 
long before any rise in serum bilirubin or icterus, and that the 
earliest indications can be found by the use of Hunter’s test for 
urine urobilin, the direct Van den Bergh test, and the bromsulphalein 
excretion test. In this way, liver damage was revealed in children 
who never developed symptoms, but were presumably infectious. 

ver repair had started by the time jaundice appeared. 

Investigations of blood changes confirmed that cases of initial 

icopenia returned to normal in about five weeks. Serological 
tudies failed to find any complement fixation test, though a positive 

iction occurred during one epidemic of arsenotherapy jaundice. 

Transmission of hepatitis to animals failed. Human volunteers 
-ontracted infective hepatitis from faecal suspensions by mouth, 

by serum injections. Urine and nasopharyngeal washings were 

t infective. Homologous serum hepatitis and arsenotherapy 
aundice were passed only by injection, and the faeces of patients 
uffering from infective hepatis were not infective. As the 
authors say : “ The evidence suggested a different causation for 
infective hepatitis from that for homologous serum or arseno- 
therapy hepatitis, but there is no evidence for or against cross- 

munity between the latter two conditions.” 

One conclusion from all these studies was that infective hepatitis 

nd “ syringe ” hepatitis were due to separate virus infections. 

This Report must be read by anyone interested in these diseases. 

e delay in publication has not diminished its value. 


H. S. Brodribb 


The Kidney: Structure and Function in Health and 
Disease 
Homer W. Smith. New York: Oxford University Press ; 


London : Geoffrey Cumberlege, 1951. xxii + 1049 pages ; 
153 figures. 24 x 15cm. £5 


Homer Smith’s book is a massive and painstaking elaboration of 
his teaching on renal physiology, which has been the gospel of most 
investigators for the pastiten years. The results of his work and his 
philosophy have been made familiar by his published papers and 
particularly by his Lectures on the kidney. Now he has given us 
a work with some 1,000 pages and twice as many references: this 
embraces not only “ renal physiology ” but the pathological physio- 
logy of kidney disease. When, 35 years ago, Cushing presented his 
**modern theory’ on the secretion of urine he was concerned 
largely with clarifying an issue which had been confused by rival 
theorists. Cushing’s achievement was substantial but incomplete 
since, lacking facts, his approach was also theoretical. The new 
techniques that were needed to establish the facts were provided by 
the groups of workers headed by A. N. Richards and by Homer 
Smith. As factual knowledge developed, the whole conception of 
renal function expanded. From the idea of a complex but restricted 
excretory function there developed the dynamic view of the kidney 
as an organ of metabolic control, maintaining the “* steady state ” of 
the body through specific properties of the tubular epithelium, 
subject in important respects to endocrine regulation. It is not 
surprising therefore that the author devotes a large section of his 
book to the control of body water, electrolyte equilibrium and acid- 
base balance, with separate chapters on the subjects of the anti- 
diuretic hormone and the adrenal cortex. 

The first part of the book deals with the normal comparative 
anatomy and physiology of the kidney. This is the author’s own 
field and the description is comprehensive, detailed and clear. The 
theoretica] basis and practical methods of clearance techniques are 
fully and critically discussed and the interested reader will find this 
section invaluable for reference in relation to all the varied agents 
used in the measurement of glomerular and tubular function. A 
detailed account is given of the available information on the physio- 
logical clearance of the normal urinary constituents and of the 
excretion of drugs, including sulphonamide derivatives and anti- 
biotics, and of proteins. 

The second part of the book deals with the homeostatic function 
of the kidney. This is a review of current knowledge, and the com- 
plex problems of hormonal control are dealt with critically and at 
some length. In view of the conflicting nature of the evidence 
presented, the author might have been excused if he had followed 
Cushing’s example in occasionally propounding ‘* modern theory ” 
in this field, but he remains strictly objective. 

The third and fourth sections of the book are largely devoted to 
the application of physiological knowledge to disease. There is an 
exhaustive analysis of the literature on the influence of drugs and 
trophic factors on renal function, the kidney in infancy, renal 
haemodynamics in cardiovascular disease and disorders of salt and 
water regulation. The section on the clinical forms of renal disease 
is the least satisfying and the reader becomes increasingly aware of 
the limited application of physiological studies to pathological 
states. The various renal diseases are dealt with in sequence and 
the published results of clearance studies are enumerated. There is 
a somewhat incomplete summary of experimental! studies in relation 
to both renal and essential hypertension and an excellent survey of 
shock and traumatic anuria. Throughout, the style is admirably 
concise and the text well illustrated. This book will be of primary 
value to physiologists and clinical research workers, and as a work 
of reference it will have a practical appeal to all those interested in 
disturbances of the body equilibria. 

C. Wilson 


Micro-Analysis in Medical Biochemistry 


E. J. King. 2nd edition. London: J. & A. Churchill Ltd., 
1951. viii + 222 pages ; 22 illustrations. 22 x 14cm. 14s. 


Since the original edition of this book was published in 1946, it 
has become a standard work for use in pathological laboratories. 
Professor King is particularly well qualified for the task of collecting 
the information it contains, since, for a period of years, much work 
has been done in his laboratory on devising and adapting suitable 
methods for routine chemical pathological investigations. There is 
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at the present time a special need for such a book, as so many new 
laboratories are still in the process of being staffed. 

In the selection of the methods included, special attention has been 
paid to the reliability and ease of performance, and as much use as 
possible has been made of the application of colorimetric principles. 
These are adequately discussed in the final chapter, and good 
descriptions of the “grey-wedge”’ photometer and the single-cell 
photoelectric colorimeter, are presented. The author has been 
particularly instrumental in developing this inexpensive but valuable 
iaboratory equipment. 

A new and useful feature is the inclusion, at the beginning of the 
book, of a table embodying the results of work, which shows normal 
values obtained by the methods described. A particularly important 
point in this table is the inclusion of limits within which either 80% 
or 98°¢ of normal values encountered will fall, so that results falling 
outside the latter are likely to be highly significant of some patho- 
logical process. 

The author refers in the preface to the necessity, in such a handy 
volume, for brevity in statements dealing with matters of interpre- 
tation. This must inevitably lead to selection of the conditions 
under which changes take place, and the commoner ones are of 
course included. It has, nevertheless, entailed very brief remarks on 
such important topics as the plasma proteins, and complete omission 
of the changes found in liver disease ; likewise changes of the serum 
sodium are attributed only to Addison’s disease when they do, in 
fact, occur in other conditions. This is likely to lead to perpetuation 
of the false notion that falls in serum sodium concentration are 
pathognomonic of Addison’s disease. Tradition is not lightly to be 
ignored, but in consideration of material for future editions some 
further pruning might be considered, for example, in the descrip- 
tions of the determination of combined hydrochloric acid in test 
meals and the detailed analysis of the proportion of fatty acid present 
in faecal fats. The way is being paved for the latter, in the admirable 
inclusion of the use of fat balance as a diagnostic procedure. 

This book can confidently be recommended as a practical 
laboratory manual for general use. 


F. T. G. Prunty 


Statistics for Medical and Other Biological Students 


L. Bernstein & M. Weatherall. Edinburgh: E. & S. Living- 
i Ltd., 1952. xii + 180 pages ; 17 figures. 22 x 14cm. 
Ss. 


The idea that all medical students should be introduced to 
modern statistical methods is now winning wide acceptance; the 
book under review is based on elementary lectures given to pre- 
clinical students at the London Hospital Medical College. The 
authors have obviously given careful thought to the problem of how 
to present unfamiliar ideas to readers who have no intention of 
specializing in the subject, yet need to be aware of its importance in 
their science. It may perhaps be compared with Mainland’s The 
treatment of clinical and laboratory data (Edinburgh, 1938) in its 
excellent showing of the need for the statistical attitude to scientific 
research. The first chapter states clearly the basis of inductive 
inference, the last two chapters (on therapeutic experiments and 
ou the interpretation of observations) are filled with useful ideas, 
and .he book throughout gives evidence of the wide experience of 
its authors in bringing statistical techniques to bear on medical 
problems. From this point of view, it could be confidently recom- 
mended to a student as illustrating the character and power of 
statistical argument. 

Unfortunately, the authors have not contented themselves with 
this general introduction, but have also tried to provide an ele- 
mentary book on theory and technique. In this they are less 
successful. The temptation to include too much algebra in a book 
at this level appears to be one to which authors who are not them- 
selves professional mathematicians are more prone than would be 
a mathematician. To decide exactly what should be included in 
order to make the discussion convincing is difficult, for the needs and 
abilities of the readers will vary widely. Few of those for whom the 
book is intended, however, are likely to find such explanations as 
that of why “ c lies within the range a + 6” implies “ a lies within 
the range c + 6” other than confusing. In an elementary book, 
lack of rigour is both excusable and inevitable, but misleading 
suggestions (such as the entirely fallacious use of x? for testing the 
fit regression lines) ought not to occur. The very brief chapter on 
analysis of variance gives little hint of the immense value yet 


essential simplicity of this technique; by its failure to isola 
component for interaction, the chief example given fails to driv 
home one of the most important points about the method. °! 
chapter on experimental design could with advantage be expan 
so as to show more examples and to relate them to the analys: 
variance. The discussion of errors of estimation in connexion \. 
linear regression does not mention the distinction between estima 
the position of the regression line and estimating individual va 
for the independent variable. 

When first I saw this book, I hoped to find it complementar 
Bradford Hill’s Principles of medical statistics. It is at present 
from that standard, although it can be a considerable influence 
good if it attains wide currency in medical schools. When the t 
for a second edition comes, Dr Bernstein and Dr Weatherall c: 
with advantage consult with their statistical friends about the s 
stantial revisions that might double the value of their book. 


D. J. Finne 


A Students’ Radiological Mathematics: Elements: 
Mathematics Applied to Medical Radiology 


L. A.W. Kemp. Oxford: Blackwell Scientific Publicatic 
1951. xii + 315 pages ; 128 figures. 23 x 15cm. £11s 


It is commonplace that the majority of medical students find 
study of physics fraught with difficulties. That these difficu! 
arise largely from the mathematical basis of the subject is true what 
ever the level at which the subject is being studied ; this is p:r 
ticularly so of the physics taught in the radiological courses. 1 
publication of a book devoted primarily to the enunciation of : 
fundamentals of radiological mathematics in the simplest terms is ; 
unique event, and one to be welcomed by students of radiolo 
both medical and non-medical. 

The book is divided into four sections. The first is concerne 
with simple aigebraic processes, most of which are taught in 
school course but all too often unrelated to practical problems an 
hence rapidly forgotten by the student. The purpose of generalize 
formulae and equations is carefully emphasized as are the mor 
formal techniques for solving numerical problems. This sect 
concludes with a chapter on the use of graphical methods. 

Then follow two sections which deal with the principles 
geometry and trigonometry. The author here takes the opp 
tunity, en passant, of reviewing the various techniques described 1: 
the literature for body-section radiography, and shows that man 
of these techniques can never be wholly satisfactory, being found 
on unsound physical principles. 

The section on logarithms and logarithmic graph plotting is dea 
with very thoroughly, which is hardly surprising since the ex; 
nential plays such an important part in radiological calculations. 
Students—both for the Fellowship of the Society of Radiographers 
and for the Diploma of Medical Radiology—will benefit consider 
ably from an intensive study of this section. The chapter on the 
of the slide-rule is clearly set out but errs in trying to include to 
much. Some of the techniques described are rarely used 
physicists and mathematicians and are not likely, therefore, 
interest other than a small minority of radiological students. 

The last chapter, which is the longest in the book, is an introd:c 
tion to nomography. Whether the author is justified in devot 
very nearly one-sixth of his available space to this subject is, ho. 
ever, very doubtful. Ina future edition, this chapter could be pru: 
with advantage, or combined with the chapter on the slide-rule. 

An appendix entitled “* Notes on the calculus ”’ is excellent. 1 
author is to be congratulated on the simplicity of his presentation » 


this difficult subject, which has been achieved largely by care’ ui, 


attention to detail, and a limited but effective use of italics. 

A very large number of numerical problems is included, sore 
having been worked through carefully to demonstrate a method, 
many more left as exercises for the student. The book is well p> 
duced, on good quality paper, the diagrams being particularly b: 
and clear, and the price is very modest. There is rather a la 
number of errors, which will no doubt be corrected in a secc 
edition, but these must not be allowed to detract from an otherv 
valuable and competently written addition to radiological literatu™: 


W. A. Langmead 


1 See Brit. med. Bull. 1951, 7, 330. 


Brit. med. Bull. 1932 
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OBSTETRICS & GYNAECOLOGY 


Relief of Pain in Childbirth: a Handbook for the 
General Practitioner 


W. C. W. Nixon & Shila G. Ransom. London : Cassell & Co. 
Ltd., 1951. viii + 109 pages ; 14 figures. 19 x 13 cm. 7s. 6d. 


This book, which is written for the needs of general practice 
ther than for the specialist, admirably fulfils its task. The subject 
obstetrical analgesia is one which seems fated to evoke, even 
day, very emotional reactions on the part of those who are en- 
1silastic exponents or opponents of the various methods in use. 
thus becomes a positive pleasure to read a book which deals with 
the whole subject in a quietly lucid and dispassionate manner. 
Amongst the many handicaps from which obstetrical analgesia 


suffers is the marked tendency of people to try to make one method 
or drug the one of universal application for the successive stages of 
each and every labour. It is evident that the authors note this 
tendency for they point out in an early chapter that : “*. . . a general 
analgesic drug whose use is entirely unlimited by harmful side- 
effects has never been found and it seems unlikely that one will be ”’. 
The necessity for regarding the latter part of the first stage of labour 
as the point at which to initiate the gas and air analgesia is rightly 
emphasized. There is also a very useful chapter on the resuscitation 
of the new-born infant. 

This book should certainly be on the list of ** must be read ”’ for 
obstetricians, anaesthetists, practitioners and midwives. 


G, C. Steel 
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The Urology of Childhood 


T. Twistington Higgins, D. Innes Williams & D. F. Ellison Nash. 
London: Butterworth & Co. Ltd., 1951. x + 286 pages ; 
136 illustrations. 25 x 17 cm. £2 5s. 


This volume is intended as a practical guide to the diagnosis and 
treatment of urological disorders in childhood. Based on the long 
perience of the senior author, supplemented by the particular 
accomplishments of his colleagues, it provides a thoroughly sensible 

d well-reasoned approach to the subject. It is by no means 
cyclopaedic when compared with other works, but achieves an 
finitely more important objective in preserving throughout an 
tense interest in the welfare of the young patient. To this end 
irticular emphasis is given to clinical and therapeutic considera- 
ons, and an obvious enthusiasm when certain conditions are being 
alt with does not come amiss. é 

After an initial chapter on symptomatology, an ensuing section 
escribes many points of practical importance relating to diagnostic 
ocedures adopted in the investigation of urinary diseases in 
ildhood. This is followed by an account of the physiology of 
cturition, which serves.as a background to an important study of 
nuresis and its management. Here cystometrographic studies are 
correlated with the symptomatology in such a manner as to provide 
a basis for the scientific classification of varieties of this disorder. 
General observations follow concerning renal damage and infections 
of the urinary tract, the former including practical information on 
the management of impending renal failure, and the latter a valuable 
review of the advantages and hazards of sulphonamide and anti- 
biotic therapy. 
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The frequent occurrence of congenital abnormalities in the 
urinary tract and their particular liability to manifest themselves in 
childhood next prompts the inclusion of a section on embryology. 
In this. the emphasis laid on the evolution of the trigone and the 
development of the ureters enables a clear understanding of the 
pathological obstructive conditions of the bladder and upper tract 
subsequently described. Short sections on urolithiasis and urinary 
tuberculosis are succeeded by a comprehensive account of neo- 
plastic disease, containing much useful information on the diagnosis 
and treatment of renal tumours, and an unparalleled description of 
rhabdomyosarcoma of the bladder. The work ends with a con- 
sideration of certain external congenital anomalies, diseases of the 
external genitalia and a short study of errors of sexual development. 
No mention is made of the management of imperfect descent of the 
testis. 

The important feature of this book is the stress laid on the prac- 
tical aspects of diagnosis and treatment. While generally the 
balance is well maintained one cannot escape a feeling that in a few 
instances enthusiasm has afforded undue prominence to certain 
subjects. Although careful description and precise terminology are 
much in evidence, it is difficult to reconcile the somewhat irksome 
exactitude of ‘* pyelon duplex ”’ with the inaccurate statement that 
a ureterocele “ deflates ’’. In dealing with special operative tech- 
niques, more illustrations would seem desirable, and a comprehen- 
sive description of equipment, including cystoscopes and ureteric 
catheters, would be of great practical value. Apart’from this the 
book is well composed and copiously illustrated, though many of 
the pyelograms are deplorably indistinct. 


J.D. Fergusson . 
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PATHOLOGY & BACTERIOLOGY 


Recent Advances in Clinical Pathology, by Various 
Authors 


Edited by S. C. Dyke. 2nd ed. London: J. & A, Churchill 
Ltd., 1951. xii + 575 pages ; 37 plates ; 36figures. 21 x 14 
cm. £2 


Modern applications of clinical pathology become so increasingly 
diverse that in no subject are recent advances of more importance. 
Their frequency is illustrated by the fact that in this 2nd edition only 
one-quarter of the subjects in the Ist have found a place, and for 
the really excellent presentation of so much entirely new material 
the editor and his assistants are to be most heartily congratulated. 
The book is excellently produced and really well illustrated, a point of 
importance to the many who will use it for reference purposes in 
the laboratory. Among so many new sections, preference must to 
some extent be personal but particular interest attaches to those on 
virus infections, the electrolytes of the body fluids, assay of hormones 
in the urine, detection of over-exposure to radiation, new optical 
and cytochemical techniques in haematology, and histochemistry 
in diagnostic histology. At the end there is a short but essentially 
practical contribution on laboratory design and equipment. Very 
full references to the literature are given throughout, and there is 
also a list of those sections in the previous edition which are now 
omitted. This procedure is important as it is likely that, to carry 
a complete record, the successive editions of this work will remain 
as a series in the library for a number of years. One can forecast, 
too, that this number of the famous Recent Advances Series is 
particularly liable to grow in bulk so that not only will even more 
omissions, at least partial, and back references become necessary, 
but much greater use will have to be made of the printing of 
essentially technical matter in quite small type. This has already 
been done in several sections but in others it is a little difficult quickly 
to distinguish the applied from the purely practical, and the use of 
more widely different sizes of type might be helpful. However, for 
the information that this new edition contains there can be nothing 
but praise. Whether the reader meets new and stimulating ideas 
such as those on paper chromatography or consults a well-illustrated 
review such as that on skin biopsy, the reading is most attractive ; 
this new edition should be in every clinical pathologist’s library. 


F. A. K, 


Clinical Hematology 


Maxwell M. Wintrobe. 3rd ed. London: Henry Kimpton, 
1951. 1048 pages ; 17 plates ; 220 illustrations. 24 x 15cm. 
£4 10s. 


** Wintrobe ”’ is now an established classic as a haematological 
reference book. There is little missing in this monumental work, 
which is beautifully printed on excellent paper of over a thousand 
pages and contains about four thousand references, which are 
surprisingly up to date. The 3rd edition, thoroughly revised, is 
enlarged by 180 pages. Several new colour plates, charts and 
diagrams have been added, which lend to the excellent presentation 
of data. Plate II (which shows a smear of normal bone-marrow) 
is disappointing, however, and for this and certain other plates, 
and for many photomicrographs, no magnification is stated. 

Written by an experienced clinician—a good haematologist 
always has to have sound clinical training, and this author has also 
a wide laboratory knowledge—it gives a good perspective concern- 
ing relative values and clinical indications for the laboratory tests, 
which are clearly defined. 

There is an excellent chapter on the haemolytic anaemias, and 
the megaloblastic anaemias are well presented both from the 
clinical and laboratory aspects. The chemotherapy of leukaemia, 
and its limitations, are intelligently discussed. 

The rapidly expanding subject of human blood groups is ade- 
quately dealt with and there is, as before, a valuable appendix on 
comparative haematology. This latter information is not easily 
found elsewhere in such a well-presented form. 

The weight of the volume is 1,886 g. and it is best read on a table, 
but the book, with its commonsense approach, is worth its weight in 
dollars—or the price of £4 10s. sterling. 

J. N. M. Chalmers 


A Color Atlas of Morphologic Hematology, with 
Guide to Clinical Interpretation 


Geneva A. Daland, edited by Thomas Hale Ham. Cambrid 
Massachusetts: Harvard University Press; Londo) 
Geoffrey Cumberlege, 1951. v +74 pages; 14 plat 
9 figures. 28 x 21cm. £1 12s. 6d. 


This atlas has been published for the purpose of furnis! 

. . a guide for reference in the study of films of the periph: 
blood stained with Wright’s stain’. The book is therefore lim 
in scope and the author states that it should be used in conjunct > 
with a companion book. The latter is entitled A syllabus 
laboratory examinations in clinical diagnosis, by T. H. Ham, 1‘ 

A clear, concise, yet detailed description is given, in four chapt 
of the various cells of the blood belonging to the different series, 
the maturation of these cells is shown in the numerous diagr 
and coloured plates. It is not clear what is meant by the stem « 


“ 


shown in the diagrams as common to the various series. Presuma | 


it is a cell intermediate between the reticulo-endothelial cell and 
various blasts, and this transition could have been more cle 
demonstrated. The promyelocyte is not shown in perhaps its n 
typical form. Many promyelocytes show a rim of clear blue c 
plasm, often of elliptical shape of varying extent, and comple 
devoid of granules. These cells, frequently seen in myelogen 
leukaemia, are not portrayed. There are difficulties and con! « 
versial issues, especially concerning the earlier stages of maturat 
but—as compared with other haematological textbooks- 
process and especially its finer degrees are well shown. The « 
studies of various disorders of the blood, accompanied by color 
diagrams, constitute the greater and most useful part of this wi 
The presentation of this subject from the point of view of hae: 
tological diagnosis is admirable. The types of cells found 
infectious mononucleosis are described in detail and well illustra: 
This condition, loosely described in some books as a monocyto 
often presents difficulties to the young haematologist. 


The book has an adequate number of diagrams and coloured plates. 


The latter are very good. They represent much more faithfu! 
what is actually seen in stained films than the bolder, more hi; 
garnished pictures which are found in other books. It is t 
regretted that the scope of this work is not more extensive. Stu 


from the bone-marrow could have been combined with advantaze. 


The author does not state for whom the book is intended but 
postgraduate student and the young laboratory worker will fin 
of great value. It Will enable him to recognize the various cel! 
detail and to gain a more exact knowledge. 

J. Bamfort 


Cardiolipin Antigens: Preparation and Chemi: 
and Serological Control 


Mary C. Pangborn, F. Maltaner, V. N. Tompkins, T. Beec'< 
W. R. Thompson & Mary Rose Flynn. Geneva : World He 
Organization, 1951. (World Health Organization Monogr 
Series No. 6.) 63 pages ; 1 figure. 24 x 16cm. 5s. 


Until 1940 most antigens used in serum tests for the detectio 
syphilitic reagin consisted of extracts of animal tissues. In | 
Pangborn and her associates working at the Division of Laborat« 
and Research, New York State Department of Public Hea 
announced the isolation of cardiolipin, an active principle of 
antigen extracts hitherto in use. 

Antigens containing cardiolipin, lecithin and cholesterol \ 
tested in parallel with the routine extracts, and whilst the gen 
consensus of opinion of serologists throughout the world was | 
the cardiolipin antigens were more sensitive, there was some dc 
as to whether there was not a decrease in specificity. Neverthe! 
it was apparent that cardiolipin offered an opportunity of increas 
in no small measure, the quality of standard serum tests for syph 

In order to ensure (at least in the USA) that all cardio! 
manufactured should be of a specified purity, the departn 
effected a protective patent. It soon became apparent that if car 
lipin was to be available in sufficient quantity, the supervis 
required under the patent would be too onerous a burden for 
laboratory to bear. The patentees therefore requested that 
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World Health Organization (WHO) should supervise the inter- 
national control of cardiolipin. The WHO Subcommittee on 
Serology and Laboratory Aspects of the Expert Committee on 
Venereal Infections, after discussion, recommended that informa- 
tion on the isolation, purification and standardization of this 
product should be made available to health authorities and major 
|.boratories. Further, this Subcommittee recommended the eventual 
establishment of international reference standards, and in con- 
junction with the WHO Expert Committees on Biological 
Standardization and on the Unification of Pharmacopoeias, it is 
now engaged on this work. 

The production of a monograph on cardiolipin antigens, under 
the auspices of WHO, by the-research team which discovered this 
;eagent, was a logical step forward in any attempt to siandardize, 
not only the production of this antigen, but also its use in serum 
reactions. Nevertheless, because cardiolipin has been adjusted for 
use in SO many techniques it would seem essential that this mono- 
: raph be followed by others. It is suggested that authors of several 

rological techniques, especially selected as being internationally 

cognized, be invited to write small monographs dealing with the 
pplication of cardiolipin antigens to their own techniques. The 
vain theme of such monographs should be the means by which 
ie authors arrived at the definition of the formula of the cardio- 
|.pin antigen used in their techniques. 

As might be expected, the standard of the monograph under 
review is of a high order. Particularly does this apply to the first 

ection of this publication (pages 7-25), which clearly describes the 
preparation and chemical examination of cardiolipin and lecithin. 

The second section (pages 26-46) is open to some criticism. 
Presumably the publication was written for the benefit, not of 
routine laboratories, but of health authorities and especially major 

iboratories. This being the case, it is suggested that a full descrip- 
‘ion of the methods used to determine the formula of the antigen 
cardiolipin, 0.0175%; lecithin, 0.0875%; cholesterol, 0.3%) 
mployed in the Wasserman technique used by the New York State 
Yepartment of Public Health, would be useful to other major 
aboratories throughout the world. Similarly, whilst it seems 
ingrateful to criticize a spirited attempt to apply statistical 
1ethods to the standardization of the antigen, further information 
s required as to why certain basic figures have been adopted. For 
xample, on p. 39, **... suppose that we are willing to accept the 
intigen-component lot in question if there is not more than a 2% 
risk that ¢ is less than 0.975; and that we are willing to reject the 
ot if there is not more than a 2% risk that ¢ is greater than 
0.995...” Such a high standard of agreement in results requires 
a fuller explanation of the reasons why these stipulated conditions 
have been laid down. Although the authors append a full list of 
references it is difficult to correlate these with the text, and workers 
throughout the world might find it difficult to identify the particular 
publication they require. 

The section entitled “‘ New York State Department of Health 
nicroscopic slide test for acceptance of new lots of antigen com- 
ponents ’’ (pages 47-53) is a straightforward description of the 
technique of the test and the evaluation of antigens by means of 
‘omparative testing. No indication is given as to how the formula 
of the antigen used in the test has been standardized at cardio- 
ipin, 0.03%; lecithin 0.3%; cholesterol, 0.9%. After the 
detailed mathematical treatment of the complement fixation test, 
his section seems to be somewhat of an anticlimax. 

Subject to the limitations of the above criticisms, this monograph 
should prove to be most useful to workers in this field of serology. 


I. N. Orpwood Price 


Foetal and Neonatal Pathology 


J. Edgar Morison. London: Butterworth & Co. Ltd., 1952. 
xi + 366 pages ; 59 figures. 25 x 18cm. £2 10s. 


The advances in paediatrics in recent years have indicated the 
need for a textbook concerned with the pathology of the newborn, 
which incorporates modern views. The increasing interest taken in 
1eonatal pathology has been shown by the publication of books 
dealing with some aspect of the physiology or pathology of the 
1ew-born. Dr Edgar Morison has now written an important 
volume covering all aspects of the subject. Although the author 
1as himself contributed mainly in the field of morbid anatomy, he 
1as rightly not restricted himself to a narrow interpretation of 
vathology, but has interpreted it in its wide sense to include, for 
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example, biochemistry. It is always debatable whether a single 
author can adequately cover all branches of pathology and Dr 
Morison has in his preface acknowledged the difficulty ; he has, 
however, surmounted it to a high degree. 

Dr Morison has logically divided his subject-matter under three 
main headings—disturbances of prenatal life, adaptation to extra- 
uterine existence, and infections in foetal and neonatal life. Under 
the first, he has discussed such topics as environment and heredity, 
congenital abnormalities, tumours, foetal nutrition and growth, 
and stillbirths, etc. The second section deals with disturbances to 
adaptation to extra-uterine life caused by lesions involving the air 
passages and lungs, the heart and blood vessels (the description of 
erythroblastosis appears somewhat uneasily), the central nervous 
system, and the gastrointestinal tract, as well as a chapter on 
postnatal metabolism. The author has given clear and compre- 
hensive accounts of these topics and, although he is occasionally 
one-sided, he is rarely dogmatic and he has not hesitated to be 
critical. His claim that he has indicated the boundary between what 
is known and what is surmised is well founded. 

In a book which attempts to be comprehensive, it is all too easy to 
find fault ; some accounts are too sketchy and little more than 
references to the literature. The number of illustrations could be 
increased, and more of the commoner conditions could usefully be 
included. Occasionaliy, statements are ambiguous or misleading : 
thus it is not true to say (p. 211) that “* the levels of albumin and 
globulin in the plasma . . . do not usefully reflect disturbances of 
protein synthesis’’, since the use of the estimations of serum 
protein fractions as a liver function test depends on the fact that 
they do. A fault of style is the needless repetition of some state- 
ments. These are, however, minor defects in a book which the 
reviewer has found generally very good. One particularly useful 
feature is the full bibliography, and there can be relatively few 
important references to the English and American literature which 
have been omitted. This is an important book which should 
interest not only paediatricians and pathologists concerned mainly 
with diseases of children, but those pathologists in general hospitals 
to whom paediatric pathology is largely a neglected subject. Lastly, 
it should be said that the book is well produced, on good paper. 


B. Levin 


Bacteria 


K. A. Bisset, assisted by F. W. Moore. Edinburgh: E. & S. 


Livingstone Ltd., 1952. viii + 123 pages ; 38 figures. 25 x 
17cm. £1 


The medical bacteriologist often encounters non-pathogenic 
organisms and has to distinguish them from disease-producing 
species which they frequently resemble closely. Apart from this, 
a knowledge of the very many bacteria which are of no medical 
importance is not of direct value, and the worker in medical or 
other branches of applied bacteriology might well gain interest and 
benefit from a broader approach to the subject. Such an approach 
is provided by this book, which gives a concise account of bacteria 
as a whole with no special emphasis on properties of medical, 
veterinary or industrial importance, although activities which 
concern man in many different ways are indicated. 

Most of the book is taken up with the natural history of bacteria, 
which is dealt with systematically ; bacterial cytology forms an 
important part of these chapters and is the basis of a proposed-new 
classification. This, while open to question in some respects, 
represents a simplification of the scheme in general use in Great 
Britain. It is satisfactory to note the incorporation of the sub- 
division of branching organisms suggested by Waksman and 
Henrici. 

It may be felt that more is said about the evolution of bacteria 
than is justified by the evidence available, and the fact that such 
questions are very debatable might have received more emphasis. 
It seems reasonable to suggest that the more complex terrestrial 
bacteria have developed from aquatic organisms with polar flagella, 
but a correlation between such a trend and the acquisition of a 
gram-positive staining reaction is far from being constant. In this 
context Neisseria are regarded as degenerate Staphylococcus from 
which this staining property has been lost. 

In other instances also, views are expressed too dogmatically 
without making clear their speculative nature. Thus it is doubtful 
whether bacterial spores are transmitted by air currents because of 
their reduced size and weight, however true this may be of higher 
fungi ; still less is it reasonable to assume that staphylococci are 
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similarly adapted to this method of spread. At times, particularly 
when the subject touches on medical bacteriology, incorrect state- 
ments appear, such as, “* Proteus morgani is the cause of summer 
diarrhoea in infants ’’, or that the cholera-red reaction is diagnostic 
of Vibrio cholerae. 

Although the book is mainly concerned with the ecology and 
structural characteristics of all bacteria and with their relationships, 
bacterial infection and symbiosis in plants and animals, bacterio- 
phage, sterilization, bacterial variation and genetics are considered 
briefly in separate chapters. A very complete index and a short list 
of selected references are included. The book is illustrated by 
many line drawings and, with the reservations indicated, presents 
a broad picture of the biology of bacteria in a concise and stimulat- 
ing form. 

C. F. Barwell 


The Genetics of Micro-Organisms 


D. G. Catcheside. London: Sir Isaac Pitman & Sons, Ltd., 
1951. vii + 223 pages ; 35 figures. 22 x 14cm. £1 1s. 


This is the first book on a new subject, the major developments of 
which have taken place since 1940, although important papers had 
been published by 1932. It represents the first attempt towards the 
synthesis of the facts known about the genetics of all micro- 
organisms : viruses, bacteria, protozoa, fungi and algae. Professor 
Catcheside’s book is directed more to microbiologists than to 
geneticists. However, no-one having the elements of genetics and 
microbiology should encounter any difficulty in reading it. 

The general approach used by Catcheside, i.e., that of relating 
experimental data in detail, even if concisely, and of devoting little 
room to the analysis of interpretations or to personal comments, 
has been a wise one. The difficulty of expounding a subject in its 


logarithmic phase of growing has been brought into prominence by 
the fact that, ia the present case, publication suffered delay for two 
and a half years, a lag unusual even for scientific books. Even so 
the loss tc the book has not been as serious as might have been 
expected ; but it should not be forgotten that it does not include 
literature published since early 1949. 

One may disagree with Dr Catcheside’s choice of the gene 
plan of the exposition. The order adopted, that is, the anal; 
of one class of organisms after the other, is of course didactica 
sound and easiest to attain in practice. It is, however, much | 
informative from a_ biological standpoint than other possibile 
orders. How much more attractive would the chapter on mutat 
and adaptation have been had the other micro-organisms besic 
fungi been considered in it. Another objection concerns the wa) 
literature is referred to in the text. References are often incomp| 
or equivocal, so that it is frequently impossible to understand \ 
is the author of this or that experiment. This objection is o: 
partly met by the addition in the bibliography of short notes givin: 
the subject of each paper. The bibliography lists 222 papers ; it i 
not complete but it is certainly representative. 

The book’s best recommendation is its high standard of 
accuracy, which will make it a reliable source of information. 
A few minor exceptions may be noted : the amount of information 
on unordered tetrads (p. 28) is somewhat overemphasized, at least 
as far as linked loci are concerned ; pneumococcal capsul.: 
polysaccharides are not antigenic to rabbits (p. 176) ; the treatme 
of recombination frequencies in bacteria is inadequate. Finally, 
the author has introduced a new symbolism for genetical factors, 
with a view to unifying preceding ones; it does not, however, sec 
to meet the requirements fully. Also, the elimination of subscrip! 
and the dropping of superscripts when they are negative, does 1 
add to clarity. 

L. Cavalli 
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New Outlook on Mental Diseases 


F. A. Pickworth. Bristol: JohnWright & Sons Ltd., 1952. 
296 pages ; 9 plates ; 41 figures. 27 x 18cm. £3 

The first stage in the scientific study of any subject is the assembly 
of all the relevant information. In this book Dr Pickworth gives us 
a collection of data of this kind, derived from a study of the signifi- 
cance of vascular function in relation to mental illness. It is his 
thesis that the brain capillaries play a part of primary importance in 
determining our mental processes: that the local vascular changes 
in the capillaries are not merely the secondary result of the release 
of metabolites during neuronal activity, as has generally been 
supposed, but that, conversely, the pattern of neuronal activity is 
determined by primary changes in the capillary bed. On this basis 
he attributes mental illnesses to “* a pathological state of the cerebral 
blood-vessels due to disseminated chronic toxi-infections, which 
frustrates the normal labile patterns of blood-flow upon which 
specific motor activity (behaviour) depends’. This view is some- 
thing more than a restatement of the old “ auto-intoxication ” 
theory of mental illness, for he postulates a vascular mechanism 
by which the toxins act. 

One cannot read this book without becoming aware of the 
author’s earnest sincerity in pursuing a thesis he evidently believes 
in, and of his anxiety to leave unsaid nothing that might be relevant. 
But this‘has led to the inclusion of a great deal of doubtful material 
that might have been better omitted. One looks in vain for a clear 
statement of the supporting evidence : instead of carefully reasoned 
arguments one finds a mixture of truths and half-truths that jostle 
uneasily with unproven bright ideas. Many scientific investigations 
are mentioned and over 600 references are given. The unorthodoxy 
of the ideas put forward is sometimes stimulating, but often it is 
hard to follow the sequence of thought and distinguish the jeweis 
from the dross. 

** The New Outlook ”’, we are told, ‘“‘ shows how the various 
attributes of the mind which constitute the differences between the 
child and the adult, are in fact a growth of capillaries upon a sub- 


stratum of neurones”. He then continues: **. . . these with the 
rest of the body tissues will surely * return to dust’. This is in 
way comforting, since, with few exceptions, any future life with our 
maimed, diseased and adversely conditioned ancestors, is unthins- 
able’’. It is clearly no ordinary textbook that takes us rambli 
among such expressions of personal conviction illuminated b 
quotations from Shakespeare and the Tibetan Book of the dead 
Perhaps it can be appreciated better if regarded less as a scienti 
treatise than as a work of art, in which the author may be con- 
ceded some degree of poetic licence. The book is illustrated by 
series of unusually beautiful coloured plates which testify to the 
technical craftsmanship of the author. In the general lay-out and 
appearance of the book the publishers have done their job well 


Derek Richter 


Inquiries into Human Faculty and its Development 


Francis Galton. 2nd ed. London: Eugenics Society, 195 
xix + 261 pages ; illustrations. 18 x 11cm. 7s. 6d. 


Three Memoirs: Statistical Inquiries into the 
Efficacy of Prayer (1872) ; Enthusiasm (1883) : 
Possibilities of Theocratic Intervention (1883) 


Francis Galton. [2nd ed.] London : Eugenics Society, 195/. 
23 pages. 17 x 11. cm. 1s. 6d. 


This little volume, first published in 1883, is still one of the m: 
suggestive books which the student of psychiatry or psycholo 
can read. In 1907, when the Everyman Edition was issued, Galt 
decided to excise the chapters on theocratic intervention, enthusiasm, 
and the objective efficacy of prayer. With the new impression thc 
publishers have now reprinted these three papers as a supple- 
mentary pamphlet. 


Brit. med. Bull. 1932 
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New readers will be surprised to discover how many current 
procedures in normal and abnormal psychology were first devised 
by Galton and described in the papers brought together in this book. 
The method of free association (which has figured so widely in 
psychoanalytic work), the method of testing high-note deafness by a 
calibrated whistle, of testing weight-discrimination by logarith- 
mically graded weights, of determining individual differences in 
imagery by special questionnaire, of adapting the normal ‘curve for 
the purpose of rating individual traits, of combining photographs to 
obtain composite portraits of racial and pathological types, of using 
identical twins to discriminate the effects of “nature” and 
“* nurture ’’—these are all to be found in this book. The conception 
of a gregarious instinct and of an “* antechamber to consciousness ”” 
between the fully conscious and the unconscious are among the 
original hypotheses expounded in it which have since proved so 
fruitful in the work of later psychologists. : 


Galton himself considered that the chief value of the book lay 
in the fact that it became—as he says—the starting-point of the 
movement for national eugenics which has found its home at Univer- 
sity College, London. One might therefore expect a full discussion 
of his views on innate “ intellectual differences’. However, on 
turning to the section with that heading, we find that it consists of 
but a single paragraph referring to previous contributions. The 
omission is unfortunate. It has led many recent writers to attribute 
some of his most suggestive ideas in that field to his later followers— 
the invention of intelligence tests to Binet, of correlation to Kari 
Pearson, of the distinction between ** general ability ’’ and “* special 
aptitudes ’’ to Spearman, and of the idea of a child guidance centre 
to American psychologists. May we perhaps hope that in later 
editions the supplementary pamphlet will include a few pages giving 
a brief appreciation of Galton’s many contributions to the science 
of the mind ? 

Cyril Burt 
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Social Medicine 


E. H. Cluver et al.. South Africa : Central News Agency Ltd. ; 
London: H. K. Lewis & Co. Ltd., 1951. vii + 862 pages ; 
figures. 22 x 14 cm. £3 17s. 6d. 


This book is of unusual interest and importance. It marks a 
further stage in the emergence of social medicine. Very ably 
edited by the Director of the South African Institute for Medical 
Research, who is also the Professor of Preventive and Social 
Medicine in the University of the Witwatersrand, it includes 
contributions by a score or so of well-known and recognized South 
African authorities in various fields of human interest and activity. 
Medicine, surgery, psychiatry, neurology, pathology, social science, 
medical sociology, community health, statistics and health legisla- 
tion are all represented. Thus the book gives exact definition to the 
editor’s and authors’ conception of the content and scope of social 
medicine ; it states the problems with which this branch of medicine 
is particularly concerned and it displays its methodology. 

The story of its origin can claim a peculiar significance. In the 
editor’s well-known Public health in South Africa there was a 
chapter on medical sociology. But in the most recent edition (3rd 
ed., 1948) this was deleted for the reason that this field of medical 
interest had been growing so rapidly, and activity within it had 
expanded so much, that no longer would a brief chapter in a text- 
book of public health suffice. Nothing short of a book devoted 
exclusively to it would do. 

But this book is not entitled Medical sociology but Social medicine ; 
that is to say, it does not restrict itself to a study of the inter- 
connexion between sickness and society but includes considerations 
of action of a therapeutic kind. 

Its 862 information-laden pages are divided into six main parts— 
the causes of human disorganization, personal disorganization, 
social diseases, social disorganization, statistics and medico-social 
legislation. From these there is much to be learnt of South Africa 
and her problems, and also much that is fresh and that enlarges 
and refines the philosophy of social medicine itself. Of particular 
interest to many will be the chapters on the health centre service, 
a South African experiment in family health and medical care, and 
on world food problems with special reference to South Africa. 
For others of different interests there are most excellent accounts of 
the industrial diseases, of the social diseases and of the crimogenic 
factors that operate within the individual and within the family and 
social environments. 

Those who, in other countries, are concerned with the teaching 
and with the practice of social medicine have much to learn from 
their colleagues in South Africa. These command our admiration 
and, by the production of this book, have earned our gratitude. 


F, A. E. Crew 
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The Cost of Sickness and the Price of Health 


C.-E. ,. »¥ nslow. Geneva: World Health Organization, 
1951. \“ orld Health Organization Monograph Series No. 7.) 
106 pages. 24 x 16cm. 7s. 6d. 


From his Genevan window, Dr Winslow, who is consultant in 
public health administration of the World Health Organization 
(WHO) shows, in a more concise and factual way than has been 
shown before, how the expense of safeguarding public health 
protects the greatest wealth of the world—that of human life and 
health. This monograph teems with examples of how short life is, 
and of how man’s work is spoilt and reduced by. the ravages of 
unnecessary disease. Added to all this is the heavy financial burden 


‘of premature death, physical and mental disability, and the in- 


creasing cost of cure. The capital represented by man’s productivity 
must not be squandered by disease. 

In Egypt, the average span of life is 30 years—in Britain, 70 years. 
Yet disease can be prevented now ona scale scarcely imagined 
previously. Mosquito-borne diseases can be brought largely 
under control by the work of the public health team—the ad- 
ministrator, the engineer, the public health nurse, and the health 
educator. 

Well-being and health must be promoted by better nutrition, 
housing, and environmental conditions ; the emphasis is also on 
the promotion of mental health. The author outlines the problems 
of today and tomorrow ; he gives facts and figures (not easily 
obtainable elsewhere) relating to the costs of the degenerative dis- 
eases, tuberculosis, malaria, and of intestinal parasites in the 
tropics. 

One hundred years ago, Chadwick preached that poverty breeds 
disease and disease creates poverty. This vicious circle is still seen 
the world over. The great sanitary awakening, which has achieved 
such astonishing results during the last century, was the result of 
Chadwick’s epoch-making report on the sanitary condition of the 
population of Great Britain. ‘‘ Men and women were sick because 
they were poor ; they became poorer because they were sick, and 
sicker because they were poorer.” In countries which have not had 
the advantage of the reforms following on a Chadwick, a Peter 
Frank, or a Pasteur, death and disease rates are now a great chal- 
lenge to all in general and specially to the WHO. A public health 
programme adapted to each country’s needs offers an opportunity 
of breaking links in the chains of disease and poverty, thus 
inaugurating a new era of health and social progress. Dr Winslow’s 
monograph offers a plan of national health programmes and out- 
lines the technical assistance which is required to reduce the burden 
of disease and bring about a better economy, greater productivity, 
finer health, and happiness throughout the world. aa 

. &. Burn 
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The Cost of Health 


Ffrangcon Roberts. London: Turnstile Press, 1952. 200 
pages ; 14 figures. 22 x 14cm. 16s. 


This is a stimulating and provocative book through which runs 
a question of the greatest importance both to the profession of 
medicine and also to the society which this profession serves. Shall 
the practitioners of medicine pursue their benevolent activities 
without any regard to the socio-economic repercussions of what 
they do, or, on the other hand, shall those who practise medicine 
act as the instruments of statecraft? The argument, bountifully 
supported by factual information, runs somewhat as follows : 
The applications of physical and biological science in diagnosis and 
therapy have added vastly to the cost of both. Secondly, the 
inception of the National Health Service has changed the attitude 
of the public toward medical care. They have been encouraged to 
act upon the view that a comprehensive medical service has been 
made freely available to everyone in need of it. To great numbers of 
those who previously endured disability because they could not 
afford to pay for medical attention, however badly this was needed, 
this development brought great hope, and to their chosen doctors 
and to the hospitals they turned. Thus the need for medical care, 
expensive as this has become, has increased greatly. 

Great Britain is in difficulties. Its income is not sufficient to 
meet all the demands made upon it. It has been necessary, there- 
fore, for the government to place an upper limit upon the amount of 
money that can be made available for the National Health Service. 
This amount is not enough for the Service to expand and provide 
itself with those enlargements which are urgently necessary. There- 
fore, the author maintains, it is necessary at this time to draw up a 
list of priorities concerning the manner in which the money that is 
available shall be expended. The author classifies the sick who 
need or seek medical care into three categories : (i) those suffering 
from defects and derangements which are not in themselves dis- 
abling but which cause distress ; (ii) those suffering from condi- 
tions which are disabling, preventing the individual from making 
his contribution to the common weal in the form of work ; and 
(iii) those whom medicine cannot cure, who cannot be restored to 
a state of health sufficient to permit the individual to work. Medical 
action in respect of the first two of these categories has a social 
value ; in the case of the third it is a display of humanitarianism. 

The author suggests that the limited resources of the National 
Health Service should be devoted primarily to the second and 
third categories, whilst those of the first should be required to pay 
privately for such medical care as they receive. It is a simple matter 
to demonstrate the flaws in this policy. The difficulty is that of 
offering a better one without finding oneself entangled in a variety of 
problems ranging from the maintenance of peace and international, 
political and economic relationships, to the salaries of consultants. 


F. A. E. Crew 


International Health Organizations and their Work 


Neville M. Goodman. London: J. & A. Churchill Ltd., 1952. 
xi + 327 pages ; 53 illustrations. 24 x 16cm. £1 15s. 


Whether we like it or not, international organizations will 
probably remain with us from now on until either we enter an era of 
world government or we destroy our “* civilization”’. Among such 
organizations, one dedicated to the advancement of international 
medicine must occupy an honoured place. Yet ignorance of the 
scope and work of existing international medical bodies is lamen- 
tably widespread, even among members of the medical profession. 
One reason for this has no doubt been the lack of a good reference 
book on the subject. The seeker after knowledge has had to rely 
either on popular pieces of highly-coloured journalism or on the 
soporific and involved official documents never intended to be read 
for pleasure. From now on, however, no excuse for ignorance 
remains. Dr Goodman’s book is altogether adequate in filling the 


p. 

To begin with, the author speaks with great authority on a matter 
to which he has devoted his life. Secondly, he speaks clearly and 
to the point. The reviewer found the work of absorbing interest, 
and recommends it strongly to anyone who feels that international 
co-operation of any sort is worth while. 

‘Dr Goodman starts with an account of the earlier international 
bodies, and shows that, when the first proposal for one was made in 


1874, the time was not ripe for this revolutionary step. ‘* We mus 
confess to want of faith in the value of co-operative internation: 
scientific work ’’, said the Lancet. Man being a selfish animal, i: 
was to be expected that international action would be taken in th 
field of communicable diseases, and that propaganda for suc!) 
action would be most intense at times of pandemic. Thus the firs: 
international body, the Paris Office International d’Hygién 
Publique, founded in 1907, was primarily intended to deal with such 
menaces as cholera and plague. It appears to have done its wor! 
well ; it is remarkable to hear that it never overspent its budge: 
The advent of the League of Nations did not kill the Offic 
which lived on in a happy symbiosis with the League of Nation 
Health Organisation until, after the Second World War, the Wor! 
Health Organization (WHO) absorbed both of these, together wit! 
the war-time creation UNRRA (United Nations Relief and R: 
habilitation Administration). 

The most important part of the book is of course the sectio 
dealing with the history and work of WHO. The author right! 
points out the value of the previous experience gained by the Leagu 
of Nations Health Organisation ; the work of the latter was nx 
abandoned but built upon. He also stresses the importance 
tackling only a few of the many possible problems, in view of th 
limited funds available. WHO spends just one farthing per head o 
world population per annum. It cannot therefore attack disease o 
a world front, but has to content itself, in many instances, with 
kind of guerilla warfare. 

Perhaps the most interesting sentence in the book comes ver 
near the end. The author says “*. . . might not the World Healt! 
Organization take a lead—it is by no means a task for WH¢ 
alone—in the study of the effects of its work and notably of thos: 
two great questions, population problems and human behaviou 
in relation to war?” 

S. S. B. Gilder 


The Health Services: Some of their Practica! 
Problems 


Institute of Public Administration. London: George Allen 2 
Unwin Ltd., 1951. 136 pages. 21 x 14cm. 10s. 6d. 


The chapters of this little book consists of papers read in Marc! 
1951, at a conference on administrative problems of the healt) 
services of Great Britain which was sponsored by the Institute o! 
Public Administration. The speakers were mostly men with specia! 
experience in part of the health services, and they attempt t 
define the problems and to suggest remedies. The contributions 
are rather too patchy to constitute a well-balanced symposiun 
because, while some of the speakers assume considerable knowledg: 
of the administrative structure and discuss specific difficulties, othe: 
give more descriptive accounts of the machinery of administratior 
in use in particular services. 

The short chapter by Peter Self, on health services in relation t: 
central and local government, defines particularly well the dilemm: 
posed by the formation of large regional authorities, with appointe« 
members who are perhaps too well protected both against public 
and parliamentary criticism. 

On problems of hospital administration, J. Crawford Field write 
the most provocative chapter. He pleads most lucidly for la) 
hospital administration. The time-honoured British idea tha 
anyone with more than superficial knowledge of any subject is 
incapable of administration is advanced under the guise that “* on: 
craft in a multi-craft organisation should not dominate the others ”’. 
If some of the author’s views are held widely many doctors ma) 
interpret them as justifying their worst fears of still further develop 
ment of bureaucratic ‘“* kingdoms ” within the health services. 

Dr Rowland Hill’s article is in many ways corrective of suc! 
extreme views. Most clinicians from the older hospitals probably 
share his anxiety that the inspiration to improvement in quality 0! 
medical staff and of service is in considerable danger by reason o! 
changes in hospital control and management. 

Although this symposium is patchy it represents serious study anc 
views based on experience and it should be read by all who arc 
interested in this huge experiment of social medicine. 


A. C. Stevenson 


Brit. med. Bu‘ 
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Hospital Organisation and Management 


J. E. Stone. 4th ed. London: Faber & Faber Ltd., 1952. 
xxii + 1722 pages ; illustrations. 25 x 16cm. £8 8s. 


The first impression gained from a look at the contents of this 
large and expensive volume is one of doubting amazement that any 
one man could write expertly on so many subjects. History, law, 
administration, education and training, publicity, finance and 
iccountancy, catering, supplies, records, architecture, medical 
research, and medical photography—all are dealt with at first hand, 
and these do not exhaust the list. 

A more detailed study confirms this initial incredulity. Had the 
work been a well-edited symposium of the compositions of a dozen 
authors it might have commanded respect. As it is, in attempting 
to cover too many fields, Captain Stone has produced an ill- 
arranged book which contains many inaccuracies, confuses obso- 
lete and current systems, and throws together without critical 
comment British and American usages. 

Striking among the inaccuracies is the statement on p. 457 to the 
effect that hospitals taken over by the Minister of Health under the 
National Health Service Act, 1946, are under a statutory obligation 
to admit patients. Exactly the opposite is the case, and since the 
matter is one of general interest as much as of law—it has been 
more than once ventilated in Parliament and the press—it is 
—— that the author permitted himself to commit such a 
howler. 

That the author is not legally qualified is abundantly clear from 
the two chapters on law. His definitions are often inadequate and 
there are large sections, such as those on the National Insurance 
Act, 1946, which are not hospital law at all. Yet nothing is said in 
these chapters about so important a subject as the law concerning 
lunacy and mental treatment as it affects hospitals. 

On p. 43 it is stated that management committees can confer on 
house committees *‘ such a degree of independence as they think 
fit’. This is not only incorrect, but is contradicted three pages 
later, where the limited powers which can in fact be delegated are 
listed. In his chapter of definitions Captain Stone uses the defini- 
tion of the Dawson Committee (1920) for a health centre (although 
this was never more than a recommendation) and disregards the 
description given in S.21 of the 1946 Act. On p. 752 reference is 
made to the “ panel’’ doctor and to the “ public assistance ”’ 
authority. Both are obsolete, but the foot-note implies they still 
exist. 

The second main fault is the inclusion of large sections dealing 
with what happened before 1948. Little of this is of historical 
interest, and the occasional insertion of the words “ prior to the 
National Health Service ’’ or a head-note to this effect does not 
magically make the subject-matter relevant. Worse still, the past 
sometimes intrudes on the present, as where “ courts of governors ”’ 
appear in the chapter on meetings and reports, and we are told 
(p. 302) that the authority of the chairman is delegated to him by 
the hospital through its rules and regulations, which is patently not 
now the case. 

One could wish that the quality of this book were comparable 
with its size. But few can wear the mantle of a Leonardo, even in 
a field of relative specialization. 

Geoffrey Drain 


The Urban Working-Class Household Diet 1940 to 
1949 : First Report of the National Food Survey 
Committee 


Ministry of Food. London: His Majesty’s Stationery Office, 
1951. vi + 114 pages. 24 x 15 cm. 3s. 6d. 


The National Food Survey was started in 1940 with the primary 
object of providing the British government with the information 
necessary to gauge the efficacy of its measures for the mitigation of 
war-time food shortages, and the increased food supply difficulties 
in the post-war years justified its continuation up to 1950. The 
Survey was directed mainly, but not exclusively, towards urban 
working-class families, and the average number of households 
investigated in each of nine years was over 7,000, representing over 
25,000 persons. It cannot be doubted that the Survey more than 
fulfilled its original object : in addition, it has provided a con- 
tinuous dietary record invaluable to nutritionists and social workers, 
and has tested and vindicated the method used. 

Households were selected at random within areas of predomi- 


nantly working-class population. The records included the 
amount of domestic food stocks at the beginning and end of a week 
of the Survey, the quantity and value of all food purchased or 
otherwise obtained during the week, details of food served at each 
meal and of those partaking, and a list, but not details, of meals 
eaten away from home. After tabulation and analysis in terms of 
foods, the diets were evaluated in terms of nutrients by the use of 
the Medical Research Council food tables setting out food values 
(Medical Research Council War Memorandum No. 14, 1945). 
The results show clearly that the diet which followed the re- 
orientation of 1939-41 steadily improved, and that at no time did 
the general intake level of any known nutrient fall low enough to 
cause danger to health. In an appendix, the limitations and 
possible sources of error of the Survey and of its sampling methods 
are discussed with impeccable fairness. 

It is not to be expected that a monograph of this type, especially 
one whose 114 pages include over 120 tables, should provide easy 
reading. This Report demands and repays detailed study. It is 
precise and condensed, and records an investigation whose magni- 
tude and quality—and difficulty—can be fully appreciated only by 
those who have themselves tried to do a dietary survey. 


Dean A. Smith 


Census 1951, England and Wales: Preliminary 
Report (Laid before Parliament Pursuant to Section 
4 (1), Census Act, 1920) 


General Register Office. London: His Majesty’s Stationery 
Office, 1951. xxiii + 52 pages. 33 x 21cm. 5s. 


Since the year 180i a census in England and Wales has normally 
been taken every ten years. When the fifteenth census was taken on 
8 April 1951, a twenty-year gap had intervened because in 1941 the 
war made the usual procedure impossible. The preliminary report 
now available gives an outline of the 1951 findings and a full 
account of the technique by which the census was obtained. Nearly 
50,000 carefully chosen enumerators were employed to collect the 
papers. Explanations of the methods to be used and of the value of 
the results were given in the press and the broadcasting programmes. 
It is therefore believed that the census gives reliable information 
even though the scope of the inquiry was larger than any previously 
attempted. The schedule contained 24 questions as against 15 in 
1921 and 13 in 1931. 

The crude totals now published give the numbers of males and 
females in England and Wales as 21,024,187 and 22,720,737, 
respectively. The ratio of 1,081 females per thousand males differs 
little from that found in 1931. Though the age-grouping of the 
population is not yet known precisely, the excess of females is 
believed to be concentrated in the later decades of life. The total 
population, 43,744,924, shows an increase over the 1931 level 
amounting to a rate of 4.65% per ten-year period, the lowest pro- 
portional increase ever recorded (though not the lowest absolute 
increase in numbers). Owing tothe gradual reduction of the pro- 
portional rate of increase in the population, which has taken place 
since the early 19th century, the absolute increase of the population 
of England and Wales year by year since 1801, when it stood at 
8,892,536, has been not far from linear. There is little indication 
that the population numbers are likely to reach a maximum, with 
stationary conditions or leading to a decline, within any predictable 
period. 

The interpretation of migrations of population and alteration in 
urban and rural concentrations, reported upon in this volume, is 
made difficult owing to the disturbances which occurred in the war 
years: the changes in the majority of regions, however, are sur- 
prisingly uniform except that London and south-east England still 
show signs of the war-time depletion that was mainly due to evacua- 
tion. The outstanding feature of the whole Report is the implication 
of a very high population density—750 per square mile, averaged 
over the whole country. With the exception of the Netherlands this 
is higher than the density found in nearly every other country in the 
world and it must influence all future planning. 

To complete the picture for the whole British Isles, tables are 
given which show estimates of 5,095,969 persons for Scotland, 
1,369,579 for Northern Ireland and 2,958,878 for Eire, together 
with the totals for the Isle of Man and other islands. The grand 
total population is then 53,327,333. 

L. S. Penrose 
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Disabled Citizens 


Joan Simeon Clarke. London: George Allen & Unwin Ltd., 
1951. xiii + 237 pages. 22 x 14cm. 16s. 


Summary of Legislation and Directory of Organisa- 
tions for the Care of the Physically Handicapped 


Central Council for the Care of Cripples. London: William 
Heinemann Medical Books Ltd., 1951. viii + 139 pages. 
18 x 12cm. 5s. 6d. 


There is no clear-cut line of demarcation between the disabled 
and able-bodied person. There is no clear or permanent relation- 
ship between physical or ment:! disablement and vocational 
disablement. Mental or physical disability often does not of itself 
constitute a vocational handicap. 

Disabled citizens should be read with these ideas as the funda- 
mental background to the problem. Mrs Clarke gives a grim 
portrayal of individual cases ; but the book suffers from a lack of 
real appreciation of how much has been achieved. There is too 
much of the medieval conception of the cripple ; this is psycho- 
logically unsound because, as in the title “* Disabled Persons 
(Employment) Act’, the emphasis is placed on disability. Dis- 
abled persons want neither sympathy nor an exhibition of their 
handicaps. They have a right to a place in the community on a 
basis of their personal achievements and abilities. Additional 
services provided by the various government departments since 
the book was written have materially altered the position : as, for 
example, in the recent extended responsibility of local authorities 
for handicapped persons. Concentration on a few selected cate- 
gories of disablement has affected consideration of the over-all 
picture. 

Less than justice has been done to the magnificent achievements 
of the former Miners’ Welfare Commission and of the statutory 
health services. Voluntary services must assist public provision, 
but in these days the proposals contained in this book are really an 
argument for public control by an integration of departmental 
responsibility rather than for extended responsibility for voluntary 
organizations. Th: book does not indicate that the problem is 
being tackled most energetically in Great Britain. 

The Summary of legislation and directory of organisations for the 
care of the physically handicapped is an excellent book giving full 
up-to-date details of legislation on this problem and of all the 
services available. Particularly helpful are the charts included, one 
being a schedule of social services and the other a survey, by region, 
of the facilities available for the welfare of the physically handi- 


capped. The book is indispensable to anyone interested in these 
problems. 
J. A. L. Vaughan Jones 


The Health of Welders 


A. T. Doig & L. N. Duguid. London : His Majesty’s Stationery 
Office, 1951. 84 pages ; 4 figures. 25 x 15cm. 3s. 


The casual observer sees welding as a dramatic and possibly « 
hazardous occupation. The Factory Department of the Minist 
of Labour and National Service is able, in this official publication, 
to give an answer to questions which must often be raised about t! 
effects of the process upon health. In general, what it reports 
reassuring. Several particular risks which welders run are alread 
well known; these are re-emphasized, but nothing unexpected 
discovered. The writers, two members of the Factory Departmei: 
inspectorate, review the subject from both the technological an. 
medical aspects : the medical author is already known for. his wo: 
on the radiological changes in welders’ lungs. The bulk of th:; 
publication is taken up with an account of the individual heal: ) 
records of 249 male welders. In point of numbers this is by no 
means the largest survey >of welders and their health, but it describes 
a very detailed series of observations. 

Apart from demonstrating the specific hazards to which these 
men are prone, such as gassing by nitrous fumes, or “* arc eyes 
it seeks to give a complete picture of the health of a selected popula- 
tion, subdivided into gas welders, electric welders, and a mixed 
group, and thereby to show any unusual tendency to, for exampk 
respiratory or gastrointestinal ill-health. Such attempts are justifie: 
because men in factories go to their family doctors individually t 
report symptoms, if they report them at all, and occupationa! 
factors may be overlooked. The difficulties of the method are grea‘ 
Here they are apparent at once, for the incidence of general sym) 
toms in this small group must be compared with the incidence in t! 
population at large, and this is not accurately known. When study- 
ing the effects of welding on the eyes, the writers have attempted a 
control series of observations, but otherwise they have not; and 
inevitably, with no strong tendencies appearing in spite of very 
detailed analyses of symptoms, the results are inconclusive. The 
authors find, inter alia, that there is no specific systemic “‘welder: 
disease ’’. This and other negative findings are of real value fo: 
they will allay fears that may have grown up round unguarded 
opinions which appear in the literature. There are 44 tables in the 
text, and the x-ray reproductions are good. The review of the 
literature and the concise opening description of welding methods 
are most helpful and easy to read. There is a note on the present 
legislation for the protection of welders, and a list of 184 references 


J. N. Agate 
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TROPICAL MEDICINE 


Bone Lesions of Yaws in Uganda 


C. J. Hackett. Oxford: Blackwell Scientific Publications, 
1951. xiv + 194 pages ; 133 figures. 25 x 19cm. £2 5s. 


This book is so full of information that a detailed review of it 

ould occupy several pages ; we can, therefore, do little more than 
indicate its general trend and stress its excellence. Without being 
fulsome, it is difficult to do justice, in the first place, to the energy 
and care which have gone to the gathering of the facts by the 

uthor, who is probably unsurpassed in knowledge of yaws, at least 

1 this aspect of the infection, and, in the next place, to the format 
of the published work, the clear print, the reproduction of the photo- 
eraphs and x-ray pictures which could not be bettered. In short, 

worthily takes its place among the Scientific Publications of the 
tirm of Blackwell of Oxford. What Maegraith has done for the 
pathological aspects of malaria and blackwater fever, Dr Hackett 
has now accomplished for the bone lesions of yaws, a disease almost 
2s widespread as the former. 

This book is a record of prolonged observations, extending over 
many months, of between 300 and 400 members of the Lango tribe, 
among whom yaws is rife, affecting 20.9% of the population, while 
syphilis is almost absent, affecting only 1.1%. Since, in Masaka, 

00 miles or so to the south, these proportions are almost reversed 
(syphilis 17.5% and yaws 1.6%), it would be a good plan to pursue 
the author’s suggestion of a parallel study there. Such a comparison 
might help to convert the unicists, who maintain that yaws and 
syphilis are one and the same, though they would naturally regard 
ii as a mere petitio principii. Their number has diminished since 
1936 when Stannus, in the Empire social hygiene year book, sum- 
marized the differences. 

The Lango tribe is a Nilotic people, originally pastoral, but 
now largely agricultural ; the author devotes a section of the work 
to their customs, occupations, clothing, food and habits. Yaws is 
especially rife among them in the wet seasons, April and October. 
It is not easy to obtain accurate medical histories of patients, in 
spite of good interpreters, because the patients’ knowledge of ill- 
nesses and dates is vague and uncertain. Photography and radio- 
graphy were difficult owing to the high temperature ; nevertheless, 
more than 3,000 x rays and 5,000 clinical photographs were taken 
and serum reactions were carried out. 

Dr Hackett bases the division of yaws into stages according to 
the skin lesions : primary ; secondary, which is generalized 
primary with spirochaetes readily demonstrated ; late secondary, 
in which bone lesions are seen ; and tertiary, in which bone lesions 
occur after a relatively symptom-free interval. Active bone lesions 
are more frequent among those with relapsed skin lesions, and the 
younger the patient the greater is the tendency for skin lesions 
to relapse. As regards the aetiology of the bone lesions the author 
concludes that, though diet deficiencies may play a predisposing 
part, the direct cause is yaws itself. The bone lesions of each stage, 
late secondary and tertiary, are described in minute detail. Of 167 
in the secondary stage, 152 (72 males and 80 females, ranging in 
age between 18 months and 40 years, with 69°%% aged 5 years or less) 
showed generalized skin lesions, and the bone pathology included 
rarefaction, periosteal deposits, cortical thickening, sabre tibia, 
dactylitis and goundou ; the bones in order of involvement being 
ulna, hand, tibia, fibula, foot, and radius. Sabre tibia is not due 
to bowing of the shaft, but to organization of periosteal deposits, 
so increasing the convexity. If there is any bowing, this is ascribable 
to other factors, possibly nutritional. Of 65 late secondary cases, 
18 showed periosteal deposits, cortical thickening and bony expan- 
sion ; 31 had periosteal deposits and cortical rarefaction ; 16 had 
bone pain but showed no obvious changes. There were 119 patients 
in the tertiary stage ; 13 with small defined cortical rarefied foci, 
48 with large but defined foci, 28 with ill-defined foci, while the 
remaining 30 showed a variety of lesions not permitting of classifi- 
cation in the other three groups. Twenty of the patients in the 
tertiary stage had skull lesions, gangosa or localized calvarium 
nodes. Tertiary bone lesions are more destructive than secondary 
and often ulcerate through the skin. Nine normal persons were 
radiographed to serve as controls. 


A discussion of the comparison of the bone lesions of yaws and 
syphilis deals with the congenital and acquired forms of the latter. 
The differences would seem to be quantitative rather than qualita- 
tive, but joint lesions are commoner in syphilis. In the author’s 
words : “*...apart from the absence of osteo-chondritis in yaws, 
there are probably no bone lesions that occur in one disease that 
may not be observed in the other ’’ ; this would seem to be playing 
into the hands of the unicists. 

In conclusion, the book is one not merely deserving, but demand- 
ing, attention of all tropical practitioners—a book to be read, 
studied, kept and often referred to. 

H. Harold Scott 


The Institute for Medical Research, 1900-1950 


Institute for Medical Research, Federation of Malaya. Kuala 
Lumpur: Institute for Medical Research, 1951. (Studies 
from the Institute for Medical Research, Federation of Malaya, 
Jubilee Volume No. 25.) xiv + 389 pages ; 2 plates ; 112 
illustrations. 25 x 19 cm. 


Fifty years ago the Institute for Medical Research was founded in 
Kuala Lumpur ; fifty years before that date, the town was less than 
a village with its first settlers decimated by the “‘ ravages of fever 
and tigers.”” Thus, a century ago, the stage was set with exactly the 
right background for the operation of British genius: the village 
became the federal capital, and with the help of Joseph Chamberlain 
a pathological institute was started which has been staffed by some 
of tropical medicine’s most illustrious sons and has served as an 
inspiration to all research laboratories throughout the tropics. 
An American, Hamilton Wright, was its first director, and this link 
with the New World is still maintained—an Anglo-American team 
led by Smadel has just demonstrated the efficacy of chloram- 
phenicol in the treatment of scrub typhus. A no less important 
link has been with the London School of Hygiene and Tropical 
Medicine—in the words of Manson, the two institutions should be 
as coupled and as inseparable as Castor and Pollux: the second 
director was Daniels, later to be director of the London School, and 
since then there has been close association of men and ideas between 
the two. 

The book itself has contributions from 16 workers and is edited 
by J. W. Field (the present director), R. Green and F. E. Byron. 
Three threads run through it—a brief history of tropical medicine, 
the story of the research activities of the Institute since its founda- 
tion, and the careers of members of its staff. The Japanese occupa- 
tion in the last war broke the thread and the staff was scattered, but 
its specialized knowledge was nevertheless invaluable either in the 
prison camps or in the wider theatres of the war and, when the war 
ended, there was a quiet but determined return to the work of 
reconstruction. 

The achievements of the Institute are too numerous to list in full. 
Some of the outstanding items have been the experiments of Fraser 
and Stanton with polished rice in beri-beri, Stanton’s melioidosis, 
Fletcher’s work on the dysenteries, the classical studies of 
Lewthwaite and Savoor on typhus and, throughout the 50 years, 
tesearch into malaria in all its aspects. The early fundamental work 
on mosquitoes, by Leicester and Stanton, later by Gater and 
Hodgkin and now by Reid, was accompanied by equally important 
observations on the parasite and the disease by Field and his co- 
workers. Their studies on chemotherapy, from pre-war work on 
atebrin and plasmochin to the more recent observations on paludrine 
resistance, are everywhere recognized as classical. Field’s stain for 
malaria parasites has a world-wide application. Green did some of 
the earliest work on monkey malaria, and today the study of the 
animal parasites is being fruitfully continued by Edeson and Field. 

It is important to note that the Institute is not only for research ; 
one of its functions is to manufacture biological products, another 
to provide a diagnostic service for Malaya, and it is emphasized 
that the “‘ fertile channels of laboratory routine ” initiate much of 
the research. 

P. C. C. Garnham 
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The Apologie and Treatise of Ambroise Paré, con- 
taining the Voyages made into Divers Places, with 
many of his Writings upon Surgery 


Edited and with an introduction by Geoffrey Keynes. London : 
Falcon Educational Books, 1951. xxiii + 227 pages ; illustra- 
tions. 22 x 14cm. 15s. 


Any surgeon with an interest in the history of his art is a lover of 
Paré, and for lovers of Paré this book is a delight. Here, at last, is 
an English edition of all his better-known writings, beautifully 
produced and edited with great scholarship, printed most admirably 
on good paper in beautifiil type, compact, handy and very cheap. 
Here’s richness! One hardly knows who is deserving of more 
praise, editor or publisher, but the appearance of this, the first of a 
series styled ‘“* The Classics of Science ’’, makes one very eager for 
its successors. 

The “ Apologie ”’ and accounts of the voyages take up rather 
more than the first third of the book, selections from the writings 
on surgery occupy the rest. Mr Keynes, whose introduction is the 
best pen-portrait of Paré one could imagine, has adhered to the 
standard English translation attributed (probably wrongly) to 
Thomas Johnson (1634), and has preserved the original seventeenth- 
century English spelling. Here, in handy form, is Paré writing, in 
almost contemporary style, on aneurysms, on wounds made by 
gunshot “ and other fierie engines’, on amputations, on cutting 
for the stone and even on how to write reports. 

The real self-portrait lies, however, in the “* Apologie.’’ Here, in 
a garrulous and gossiping defence of his methods, one of the 
greatest surgeons of all history comes to light as the man he was. 
Here, answering the attack of the academic professor (“* my little 
master”) is the experienced surgeon demolishing the arm-chair 
critic and expounding the general principles of the new art of 
modern surgery in terms of such matters as the use of the ligature in 
amputations. Here are all the famous quotations, from the wound- 
ing of Captain Ratt (“I dressed him, and God healed him’) to the 
story of the old soldier who, learning that three badly burned men 
had no hope of cure, “ gently cut their throates without choler ”’. 
One can go on indefinitely. ‘* But I doe not shew any such way of 
giving the strapado to men”’. “I resolved with my selfe never so 
cruelly, to burne poore men wounded with gunshot’. Here is the 
great surgeon, the pioneer of observation and of experiment against 
dogma and arm-chair theory. ‘* I would (my little master) for the 
love I beare you, that you had beene there to recount it to your 
schollers and to your children ”’. 

The illustrations are excellent ; the index is good. 

This book has given me more pleasure than I can tell. 


D. LI. Griffiths 


Royal College of Surgeons of England : a Record of 
the Years from 1901 to 1950 


Royal College of Surgeons of England. London : Royal College 
of Surgeons of England, 1951. v + 80 pages ; illustrations. 
24x 15cm. 8s. 6d. 


In this period which has been remarkable for the greatest achieve- 
ments in the history of surgery the prestige of the surgeon and of 
surgical institutions has never stood higher in the medical community. 
In 1950 the Royal College of Surgeons of England celebrated the 
150th anniversary of its foundation and to mark the occasion it has 
now published a brief history of the College during the past 50 
years, together with brief biographies of its Presidents during that 
period. The record of its progress during the last half-century is 
one of which the College can be justly proud. From an examining 
and licensing corporation it has developed, under the guidance of 
able and far-sceing Presidents, into a great centre of surgical educa- 
tion and research. In spite of the blows which it suffered during the 
late war, its museums, library and research laboratories are today 
more active and productive than they have ever been, and with 
well over 3,000 Fellows on its rolls the influence of the College 
—- throughout the Commonwealth and into many countries 

yond. 

It has been particularly fortunate in its benefactors, but it is 
certain that their benefactions would never have been made to the 


College if the desirability and high purpose of its well-concei, 
plans had not been convincingly demonstrated. The inaugurati 
of the new residential Nuffield College of Surgical Sciences 
postgraduate students will mark another important stage in 
development and a turning-point in higher medical education 
Britain. 

The biographies of its Presidents, some of whom are—happil 
still with us, are authoritative, informative and of the great 
interest, and the portraits and other illustrations add greatly to 1 ‘ie 
value of this book as a permanent record of one of the ms 
significant developments in modern English surgery. 


F. N. L. Poynter 


The Life and Work of Astley Cooper 


R. C. Brock. Edinburgh: E. & S. Livingstone Ltd., 1952. 
viii + 176 pages ; 14 plates. 23 x 16cm. £1 


This can be compared with two other biographies of Asticy 
Cooper, the two volumes by Bransby Blake Cooper (1843) and t! 
of Geoffrey Keynes (1922). Both of these are excellent in th 
class, even if the first errs somewhat on the score of diffuse hagi» 
graphy and the other is, possibly, too critical of a surgeon who 
his time was a great and inspiring teacher, and a most success! 
and bold operator. 

It is welcome that in the present instance the text not only keeps : 
golden mean between the two previous biographies, but is writt«: 
with a clear conception of technical details, of the many implic 
tions of a time when septic infection was not rightly understoo.! 
when anaesthesia during operations was a crude proceeding 
duced by heavy doses of alcohol and when pathology was rudi 
mentary, so that diagnosis did not possess the importance it hus 
since achieved. 

The text is most readable and from it the budding surgeon w 
learn that personality was—and still is—the greatest asset of < 
successful operator ; even if he is expected to have “ the eye of «1 
eagle, the hand of a lady and the heart of a lion.”’ In his ow: 
opinion, Astley Cooper was not a good operator, where delica 
was required ; he said that he “* felt too much before he began ”’. 
His students, however, thought him an operator of the first order, 
whose excellent craft was based on the confidence due to his know 
ledge of anatomy. Mis operation on the (septic) sebaceous cy 
on the head of George IV (1762-1830) is a pattern of how | 
approach such matters. 

The modern surgeon will notice how rarely abdominal operations 
were undertaken by Astley Cooper, who was a bold pioneer 
many other procedures, such as amputation at the hip-joirt, 
arterial surgery, the use of catgut as a sunken ligature, and tlic 
treatment of luxations and fractures. 

Mr Brock does not mention many trivial peculiarities of Astley 
Cooper, which, though possibly worth recording, may give a false 
impression of the personality of the hero of the story. Instead, 
attention is limited to the achievements of the surgeon and teacher— 
greatly to the advantage of the text. 

At the end of the book the publications of Astley Cooper are 
listed, showing that, without entering the vast and thorny field of 
abdominal surgery—which came into its own in the narcosis- 
antisepsis age—he found full scope for his restless activity in dealiig 
surgically with hernias, aneurysms, superficial or not deep nev- 
plasms, bladder calculi, fractures and dislocations. 

The volume is well illustrated, in a manner which adorns the test. 


H. P. G. Bayon 


Disegni Anatomici di Antonio Canova 


Edited by Massimo Pantaleoni. Rome : Istituto Superiore ji 
Sanita, Fondazione Emanuele Paternd, 1949. 30 page: ; 
17 illustrations. 47 x 33 cm. 30,000 lire 


In 1943 the Istituto Superiore di Sanita in Rome acquired fron 
the Olschki bookshop 17 original anatomical drawings by Anton:o 
Canova, together with a quarto manuscript notebook containi: g 
the captions of the plates, in his hand. Their authenticity is beyord 
dispute, for the notebook has at the end a note written by Canovs s 
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friend Giuseppe d’Este, dated in Rome in March 1850 and con- 
firming the attribution. 

The anatomical studies of great artists are always of the highest 
interest, for they may shed light on the progress of anatomy as well 
as on the artist’s individual qualities and methods. Antonio 
Canova (1757-1822), whose sculptures were universally admired in 
the last century, began work as an artist at a time when the tradition 
of artistic anatomy was already established. This very beautiful 
pi oduction of facsimiles of his hitherto unknown anatomical crayon 
drawings shows the sculptor absorbed in the problems of contour 
and movement of the limbs of the human body. This emerges very 
clearly from the script which accompanies the drawings, for here 
Canova carefully details the origins and insertions, as well as the 
actions, of the muscles he represents. Many of the muscles are 
carefully numbered and labelled. It is to be noted that only the 
sperficial muscles are studied. 

From the anatomical point of view errors of detail have crept in, 
but of more interest than these is the tendency throughout to 
r-present the structures as finer and more delicate than they are in 
nature. There is a beautiful finesse about the drawings which 
derives from the eye of the artist, not from nature, and gives us 
more than a hint of the neo-classical grace of such figures as his 
well-known Cupid and Psyche. 

In his introduction Professor Massimo Pantaleoni refers to the 
anatomical dissections of Leonardo da Vinci. A comparison 
between the drawings of similar structures made by Canova and 
d. Vinci reveals the difference in outlook of the two men. Leonardo 
does not impart a gloss of beauty which falsifies. His scientific 
pission for accuracy prevents this, but Canova is not governed by 
such discipline. 

The drawings are thus those of a sculptor, made for his own 
purposes, and those who know his finished works will be interested 
te find how well they bear out Buffon’s axiom that “ Le style est 
homme méme”’, for in his renderings of the muscles, which may 
be taken as the groundwork of his art, there is to be seen the smooth 
and fluent charm which is so characteristic of all his sculpture. 


K. D. Keele 


History of Medicine in Ireland 


John Fleetwood. Dublin: Browne & Nolan Ltd., 1951. 
xvi + 420 pages ; 17 plates. 22 x 14cm. #1 1s. 


In this, the first comprehensive account of its kind, the author 
traces the growth of medicine in Ireland from its pagan beginnings 
to its highly organized and distinguished professional eminence of 
today. The first Irish physicians were of Druidic caste: as early as 
the 7th century, the Brehon laws referred to the regulation of 
medical practice and provided for the care of the aged and the 
insane; but it was the dawn of Christianity in Ireland which saw 
the spread of the charitable monastic houses caring for the sick and 
the indigent. 

From the 10th century, medical practice in Ireland was confined 
to hereditary physicians whose families were attached to the great 
houses of chieftains, and it was not until the end of the 16th century 
that their influence waned. Thereafter, emigration to the great 
medical schools of Europe took place and a new era began. 

In a most interesting series of chapters, the author traces the 
history of the Trinity College, Dublin, Medical School, so intimately 
bound with that of the ‘* Fraternity of Physicians’ founded in 
1654 but ultimately to separate when the latter became what is now 
the Royal College of Physicians in Ireland. He tells, too, of the 
growth of the Royal College of Surgeons in Ireland from the 
original Guild of Barbers in Dublin in 1446 to its incorporation in 
1784. A description is given of the remarkable functions of the 
apothecaries and of the several private medical schools, of which 
some of the schools now existing are lineal descendants. There is 
an account of the Belfast school and a whole chapter is devoted to 
the complicated story of how, after many vicissitudes, the National 
University of Ireland and its medical schools emerged from a line of 
short-lived predecessors to their present stature. 

Although a general hospital had been established in Dublin in 
the 12th century, it was the 18th which saw the rise of the voluntary 
hospitals from the workhouses and foundling hospitals. Some of 
those, in modern form, still survive among the numerous hospitals 
in Dublin today. Brief but interesting sketches are given of many 
of the more prominent Irish medical institutions. A chapter 
describes how Dublin’s famous school of midwifery began with 
the foundation by Mosse in 1745 of the first lying-in hospital in the 


British Isles, and it goes on to show how within the next century the 
Rotunda was followed by the foundation of the Coombe and 
National Maternity Hospitals. 

The numerous learned and professional societies and journals 
are listed and described, together with their association with many 
famous names. Ind , one of the happiest features of the book is 
the number of pen-pictures of great figures in Irish medicine and 
society. The giants are all there—Dun, Stokes, Adams, Corrigan, 
Colles, Whitla—and numerous others less well known but of equal 
stature, depicted against the background of contemporary history. 

This volume is clearly the result of much research and patient 
work. It might, however, be added that some of the interpretations 
of the names and nature of diseases referred to in the early chapters 
of the book are likely to be challenged by Celtic scholars. 

The book is well produced, with numerous attractive illustrations, 
a chronological list of major events, a bibliography of no less than 
16 pages and a full iridex of 20 pages. It is pleasantly written in a 
refreshingly objective manner and an easy narrative style. In pro- 
ducing this attractive piece of medical history, Dr Fleetwood has 
performed an admirable service not only for Irish doctors but for 
readers everywhere. 


H. J. O’D. Burke-Gaffney 


Guy’s Hospital, 1725-1948 


Edited by Hujohn A. Ripman for Guy’s Hospital Gazette Com- 
mittee. London : Guy’s Hospital Gazette Committee, 1951. 
176 pages ; illustrations. 25 x 18 cm. 18s. 6d. 


This history of Guy’s Hospital ‘‘ up to the start of the National 
Health Service ”’ is sumptuously produced at a very reasonable price. 
It is a revision of papers published in 1925 in the bicentenary issue 
of the hospital’s Gazette, but besides being more accessible than 
this, it has important additions. It is profusely illustrated with 
portraits, views, drawings, and plans. One omission must be 
regretted : there is no complete list of the honorary staff. Historical 
lists are given of the chief offcials, but not of the physicians and 
surgeons to whom Guy’s owes its fame. They are worthily de- 
scribed in the text, especially in the late Sir William Hale-White’s 
50-page “* History ’’ which opens the volume. 

Guy’s has had its vintage periods. The age of Hodgkin, Bright, 
and Addison outshone anything that had occurred in the hospital’s 
first century, but was perhaps equalled just before our own time by 
the period of Hale-White, Hurst, and Ryle ; and the surgical 
achievement of Astley Cooper was rivalled after a century by that of 
Arbuthnot Lane. These men’s work put their hospital in the van 
of medical advance. Hale-White points out that the intervening 
periods of comparative sloth were partly due to ill-luck : “ In the 
second half of the eighteenth century death or ill health led to the 
loss of three physicians, Magie, Wollaston and Skeete ; the second 
half of the nineteenth was even more disastrous . . . for Fagge, 
Moxon, Mahomed, Wooldridge, and Washbourn all died within 
a few years of one another.”’ Fagge was only 45, and the last four 
were quite young. 

Mr F. N. Doubleday provides an excellent new chapter on the 
Dental School. This is one of the peculiar glories of Guy’s, which 
alone among the general teaching hospitals of London has a dental 
school alongside its medical school. Mr Doubleday’s contribution 
is particularly interesting, because he relates the domestic story to 
the professional and scientific development of dental surgery. Every 
institution has its public and domestic history. The historian cannot 
always make interesting reading of both. The Medical School with 
its important adjuncts of museum and library is skilfully dealt with 
by Professor T. B. Johnston, and the history of nursing at Guy’s is 
covered in a thorough chapter by the matron, Miss D. M. Smith. 

Guy’s has benefited from its special office of a resident medical 
administrator, the superintendent, and from the filling of this post 
for nearly 50 years by two such dynamic characters as Sir Cooper 
Perry and the late Sir Herbert Eason. Eason’s survey of Guy’s 
Hospital in 1948 sets out clearly the factual details of departments, 
accommodation, staff, income, duties of officials, and so on, but 
does so with such skilful selection as to produce a picture of a living 
organism, which will be increasingly interesting as time brings its 
unavoidable alterations. The book is a worthy record of a London 
institution, for the London teaching hospitals are unique. It may 
be read with interest by a much wider circle than the men and 
women of Guy’s to whom it will first appeal. 

W. R. L. 
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The English Pioneers of Anaesthesia (Beddoes, 


Davy, and Hickman) 


F. F. Cartwright. Bristol : John Wright & Sons Ltd., 1952. 
x + 338 pages ; 19 plates. 22 x 14cm. £1 1s. 


Before the great events of 1846 many men had attempted to 
procure unconsciousness for the purpose of performing surgical 
operations. Until a practical means of doing so had been found, 
speed was the all-important factor in surgery. Sir Clifford Allbutt 
once wrote : ** He was the best surgeon, both for patient and on- 
looker, who broke the three-minute record for amputation or 
lithotomy ”’. Without anaesthesia there would have been no time 
for Listerian antisepsis, and without asepsis no surgical exploration 
of the body cavities. 

The contributions of Morton, Simpson, Wells, and Colston have 
overshadowed the pioneer work of Beddoes, Davy, and Hickman, 
and Dr Cartwright has attempted in his book to show more clearly 
the important part played by these three (although enough has in 
recent years been written on Hickman to make him no longer 
deserving of the description, ** forgotten pioneer of anaesthesia ”’, 
sometimes used of him). 

Humphry Davy’s contributions to science are well known ; his 
suggestion that nitrous oxide could be inhaled to relieve pain 
during surgical operations was made to a world not yet ready for 
it, but he has been recognized as one of the founders of modern 
anaesthesia. 

Dr Cartwright reminds us that the remarkable Beddoes was 
leader of the school of pneumatic physicians, a poet and the friend 
and physician of Southey, Coleridge, and Wordsworth; he was the 
intimate friend of Erasmus Darwin ; he had the help of James 
Watt in designing his apparatus and in writing his most important 
book on pneumatic medicine ; he wrote a mass of medical literature 
and dabbled in politics. Beddoes is remembered today as the 
founder of the Pneumatic Medical Institution at Bristol, where he 
gave his brilliant assistant, Humphry Davy, the opportunity to 
commence his experimental work. 

Hickman died at the age of 30, and published nothing except his 
pamphlet on suspended animation (A /etter on suspended anima- 
tion . . ., lronbridge, 1824). In his experiments he used carbon 
dioxide to destroy pain, producing asphyxia instead of anaesthesia. 
His work aroused little interest and in 1828 he went to Paris, then 
the centre of medical and scientific thought, and sought the patro- 
nage of Charles X. Although a commission was appointed by the 
Académie Royale to examine his claims, there is no evidence that it 
ever did so. Hickman returned to England and died in 1830. 
Although he was working on the wrong lines he was the first to 
make experimental investigations in an attempt to banish the pain 
of surgery. 

Dr Cartwright has brought together much information about 
these three pioneers of anaesthesia and has woven it into a most 
interesting pattern. He has shown, moreover, how important was 
the English contribution to the early development of surgical 
anaesthesia. 

L. T. M. 


William Smellie: the Master of British Midwifery 


R. W. Johnstone. Edinburgh: E. & S. Livingstone Ltd., 1952. 
viii + 139 pages ; 30 figures. 23 x 16cm. £1 


Those of us who have for long hoped that Professor Miles 
Phillips would write a life and appreciation of William Smellie will 
rejoice that, being unable to do it himself, he has persuaded Pro- 
fessor Johnstone to undertake the task. This book is opportune, 
for at no time has there been a greater interest in the teaching of the 
Scottish obstetrician who two centuries ago gave a new direction to 
the science and art of childbearing. The memoir by Alfred 
McClintock in the Sydenham Edition of Smellie’s works (1876) was 
short and introductory and Glaister’s Dr William Smellie and his 
contemporaries (1894), though comprehensive and valuable, could 
not speak with authority on Smellie the obstetrician. 

In an interesting manner Professor Johnstone narrates the known 
facts of Smellie’s life during his 19 years as a doctor in Lanark, 
when he laid the foundation of his interest in midwifery. This was 
followed by some 20 years (1739-1759) in London where he rapidly 
built up a reputation as a practising obstetrician and as a teacher. 
He never enjoyed the opportunity of being on the staff of a hospital 


His students—in classes of three or four, but on occasion of ten , 
twelve—obtained their clinical instruction under Smellie’s su; 
vision in the homes of poor women. 

Smellie’s teaching is embodied in his Treatise on the theory 
practice of midwifery and in his Sett of anatomical tables. Profes 
Johnstone summarizes Smellie’s teaching and points to the revo! 
tionary nature of his discoveries on the relation between 
anatomy of the pelvis and the process of labour : 

Here, for the time in the history of midwifery, we have a clear and coher 
description of the movements of the head in relation to the pelvis during birth. 


Smellie heads his paragraphs *“*The Mechanism of Parturition’’, and, s 
as we are aware, this is the first time that such a term was used. 


During these years, also, he devised the perforator on which have 
been modelled all subsequent forms of this instrument, and |! 
improved the forceps and established the indications for their usc 

During his life Smellie’s discoveries were widely recognized bot 
at home and abroad. Amongst his pupils he numbered those \ 
subsequently became famous—in his own country, William Hun: 
and Thomas Denman; on the Continent, Camper of Holland : 
Roederer of Germany. 

Professor Johnstone portrays for us a great doctor who, with 
genius for discovery, combined moral courage, tolerance and : 
warm human sympathy. The style of the book is pleasing, 
interest is maintained throughout. The volume is very attractive 
in type, paper, binding and appearance. 

James Youn 


The Quiet Art : a Doctor’s Anthology 


Robert Coope. Edinburgh: E. & S. Livingstone Ltd., 1952. 
x -+ 284 pages. 19 x 13 cm. 12s. 6d. 


The compiler of an anthology, no less than a creative writer, 
inevitably exposes facets of his own personality, and it is plain that 
Dr Coope, besides being a man of deep religious convictions, has 
a high conception of the dignity of medicine and of the ethical and 
moral qualities demarided of its practitioners. Even while the 
reader smiles at the more facetious sentences in The quiet art, he 
remains aware of the book’s essentially serious nature. Again and 
again he is reminded that the true rewards of toil in this exacting 
profession are not the careerist’s glittering prizes but the knowledge 
of work well done, of fidelity to a sacred trust, the affection of his 
patients and the respect and goodwill of his colleagues. 

The selective process implicit in assembling a book of this kin 
cannot but result in omissions regrettable to individual readers. 
The quiet art contains, for example, no message from such disti 
guished writers as Somerset Maugham, Smollett, Treves, Doyle, 
Bridie, Brett Young or Cronin, and even Shakespeare (so ric! in 
medical allusions) gets only three references. Paré, Macewen and 
Koch are not mentioned, and it seems a pity that, with Lister’s work 
so fully quoted, the significant contributions of Semmelweiss to 
antisepsis go unnoted. On the other hand, Dr Coope provicles 
passages from writers as various as Conrad, Meredith, George 
Bernard Shaw, Bunyan, Keats, Montaigne, St Paul, Cicero and 
Dostoevsky, and the mere fact that he has extracted from no fewer 
than 257 different authors is sufficient earnest that his book has 
pabulum for every mood and every taste. Each aspect of medicine 
—whether educational, practical, philosophical, moral or frankly 
humorous—is covered. The most moving passages are in the 
section headed, ** This insubstantial pageant.” 

This is essentially one of the friendly books that lend thems: 
to intermittent reading—a book to keep by one’s bedside an 
take with one on a journey. 

W. K. Conne!! 


A Dictionary of Antibiosis 


Compiled by Leonard Kare! & Elizabeth Spencer Roach. ! 
York : Columbia University Press; London: Geofir 
Cumberlege, 1951. vii + 373 pages. 24 x 16cm. £2 15s. 


The task of reviewing a dictionary is always something 0! < 
problem. In the present instance some attempt has been mad: 
answer five questions likely to be of interest to the prospective usc! 
the book : (i) Do the authors cover the field indicated by the title 
of the volume ? (ii) Is the information now collected not reac 
found elsewhere ? (iii) Is the information accurate ? (iv) Is it c 
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PARTICULARS OF BOOKS REVIEWED ELSEWHERE 


_ ? (v) Is this book a valuable addition to the literature in the 
field ? 

For the purpose of the dictionary the authors define an anti- 
biotic as “* a substance derivable from living organisms and capable 
of adversely modifying the vital functions of specific micro- 
rganisms’”’. This definition is so wide that it appears to the 
eviewer to have no real meaning. This conclusion is reinforced by 
the last paragraph of the preface, in which ethyl alcohol is mentioned 

s one of the older antibiotics. It would be more nearly correct to 
ay that the authors have compiled a list of natural products that 
appen to have been tested during recent years as growth inhibitors. 
it is true that much of the information given here is not collected 
ogether in other publications but a large proportion of the entries 
avours of a dictionary of negative results. 


PARTICULARS OF BOOKS REVIEWED ELSEWHERE IN THIS 
NUMBER 


The numerals in square brackets 
are the PAGE numbers of the 
articles in which these books are 
reviewed 


380] Dictionnaire Frangais-Anglais, Anglais-Frangais 
des Termes Médicaux et Biologiques 


Pierre Lépine, with the collaboration of Gilberte D. Krassnoff. 
Paris: Editions Médicales Flammarion, 1952. xv + 829 
pages. 22 x 15cm. £3 3s. 


[380] The American Illustrated Medical Dictionary 


A Complete Dictionary of the Terms Used in Medicine, 
Surgery, Dentistry, Pharmacy, Chemistry, Nursing, Veteri- 
nary Science, Biology and Medical Biography with their Pro- 
nunciation, Derivation and Definition. ‘W. A. Newman 
Dorland. 22nd edition, London : W. B. Saunders Company, 
pal xxvi + 1736 pages ; 720 illustrations. 25 x 17 cm. 
£2 10s. 


The information that is given appears to be accurate, but the 
choice of material to be included is difficult to understand; thus, 
for example, hundreds of inactive extracts of plants are reported, but 
there is no entry under emetine or chaulmoogra. Other curious 
omissions have also been noticed ; thus, Artemisia maritima is 
listed, and an extract of the plant is said to be ineffective against 
bacteria, but there is no mention of the existence of santonin. For 
some reason which the reviewer does not understand, all the 
cinchona alkaloids are excluded, but umbellatine receives a sub- 
stantial allocation of space. 

In the opinion of the reviewer, the main value of this compilation 
is as a source of references to the recent literature. 


T. S$. Work 


[380] Black’s Medical Dictionary 


John D. Comrie & William A, R. Thomson. 20th ed. 
London : Adam & Charles Black, 1951. viii + 1013 pages ; 
16 plates ; 417 illustrations. 22 x 14cm. £1 10s. 


[380] Bibliography of Interlingual Scientific and 
Technical Dictionaries 


J.E.Holmstrom. 2nded. Paris : United Nations Educational, 
Scientific and Cultural Organization, 1951. 230 pages. 
24x 15cm. 4s. 


[381] The Work of WHO, 1951: Annual Report of 
the Director-General to the World Health 
Assembly and to the United Nations 


World Health Organization. Geneva : World Health Organi- 
zation, 1952. (Official Records of the World Health Organi- 
zation No. 38.) iv + 200 pages ; illustrations. 28 x 21 cm. 
9s. 





Shorter Notices 


Contribuig¢do para o Estudo da 
Anastomose Espleno-Renal (Com 
Especial Atencao a via de Acesso) 


Alvaro Dino de Almeida. Sao Paulo: 1951. 
243 pages ; figures. 27 x 18 cm. 


The author, in his introduction to this attractive 
mvnograph, tells how his interest was aroused by the 
communications of Whipple and Blakeman on the 
subject of the surgical treatment of portal hyperten- 
sion by direct venous anastomosis. He undertook 
two years of study—in libraries, hospital wards, 
post-mortem rooms, laboratories and dissecting 
rooms—of the anatomy, physiology, pathology and 
clinical features of hepatic hypertension. The 
operative technique was studied in recent cadavers 
and laboratory animals. When he felt that he 
was sufficiently expert a new difficulty arose. 
This new type of surgery was attracting and 
tempting clever and experienced surgeons, and 
patients with hepatic hypertension vanished ! 

However, thanks to Professor Benedito Montenegro 
and his assistants, the author was able to collect 
several cases and to operate on those in which spleno- 
renal anastomosis seemed indicated. Now, after 
two years’ operative experience, he has decided to 
publish his results, laying stress on the operative 
technique. 

The monograph opens with a review of the 
literature and then describes 25 cases operated on 
by the author. Nine of the 25 patients were 
suffering from proved schistosomiasis. In each case, 
after a short history, there is a detailed description of 
the operation and the postoperative history. Then 
follows a critical discussion of the case, in which 
errors of technique and lessons learned are frankly 
discussed. There was one immediate postoperative 
death and four other patients died within the year 
from various causes. The post-mortem findings are 
fully reported in four of these cases and in two of 
them photographs of specimens are shown. The 
cases are then discussed together and various aspects 
are shown in comparative tables. Finally there 
follows a detailed, well-illustrated description of the 
operative technique. 

A summary and conclusions in Portuguese, 
English and German end the reading-matter and 
should be referred to by all interested. There is a 
very full bibliography of 551 items. 

The author pays tribute to all who assisted him 
in his very interesting work. The monograph is well 
written in a frank objective style, and excellently 
produced and illustrated. 

St George B. Delisle Gray 


Clinical Pathology Data 


Compiled by C. J. Dickinson. Oxford: Bilack- 
well Scientific Publications, 1951. 32 pages. 
21 x 14cm. 4s. 6d. 


The aim of this small book is to provide, in a 
convenient form, tables for the interpretation of 
clinical pathology data. It is intended to supple- 
ment, not to supplant, standard works, and the 
author trusts that “‘ no one wi!! be tempted to use the 
information given here without adequate considera- 
tion of all the clinical and other facts of the case ”. 

Commonly recorded clinical tests are grouped 
under such headings as ‘* blood”, ‘‘ gastric con- 
tents”, ‘‘ plasma” and “‘serum”. The range of 
accepted normal values is given and pathological 
and physiological conditions in which these values 
may be changed are indicated. 


SHORTER NOTICES: REVIEWS 


A list of some of the more common diagnostic 
tests is included, and brief notes are made of common 
tests which can be carried out without the assistance 
of a skilled clinical pathology department. Finally, 
an index provides a quick reference to data for the 
pathological conditions listed. 


Patterns of Sexual Behavior 


Cleilan S. Ford & Frank A. Beach. London : 
published for The Practitioner by Eyre & 
Spottiswoode, 1952. vii + 307 pages. 22 x 15 
cm, £1 2s. 6d. 


This book, by the professors of anthropology and 
psychology of Yale University, is an attempt to 
examine sexual conduct in human societies and to 
relate it to that of the sub-human primate and other 
mammalia. As Professor Crew points out in his 
preface, ‘* In the main the book consists of a compara- 
tive study of sexual behaviour patterns, and it deals 
with no fewer than one hundred and ninety contem- 
porary human societies ranging from the isolated 
primitive to the industrialized and urban.” The 
authors make no moral judgements and do not 
attempt to correlate their findings with psycho- 


analytical theories although it is obvious that they 


are often confirmatory. 

The titles of the various chapters give a good idea 
of the material basis of the book. These are: ‘* The 
task and the method ”, “‘ The nature of coitus ”, 
“*Types of sexual stimulation ”’, ‘‘ Circumstances 
for coitus ”’, “‘ Attracting a sex partner”, ‘* Sexual 
partnerships ”, ‘‘ Homosexual behavior”, ‘‘ Rela- 
tions between different species ”’, ‘‘ Self-stimulation”’, 
**Development in the individual”, ‘‘ Feminine 
fertility cycles”, ‘‘ Other physiological factors in 
sex behavior’’, ‘‘ Human sexual behavior in 
perspective ”’. 

This wide survey of the sexual customs, manners, 
and conduct of peoples from all over the world, and 
the comparison with the behaviour of other mammals, 
shows that many things which would be condemned 
as criminal or abnormal in our society would be 
regarded as natural and even desirable by primitive 
societies. It might seem, therefore, that a great deal 
of what we regard as correct sexual behaviour is only 
an attempt to force civilized men into artificial 
conditions and this in itself may be partly the cause 
of the rising incidence of sexual “‘ crime”. The 
book is, indeed, so comprehensive and factual that 
it will give material for thought not only to medical 
men but to lawyers and sociologists. In general 
one can state confidently that it is a book which must 
be read by anyone interested in sexology and should 
be read by all those concerned with human conduct. 


Clifford Allen 


Cooking for the Sick and Conva- 
lescent : a Textbook of Dietetics 


Nell Heaton & V. H. Mottram. London: Faber 
& Faber Ltd., 1951. 431 pages. 22 x 14 cm. 
£1 7s. 6d. 


This book provides for doctors and nurses a 
theoretical and practical textbook of cookery suitable 
for all types of invalids under treatment at home, 
from the moribund to those almost completely fit. 
The first two parts, entitled “‘ Practical dietetics ” 
and ‘“‘ Dietary treatment in specific diseases ”, have 
been written by Professor V. H. Mottram, late 
Professor of Physiology in the University of London. 
He has provided therein a simplified and most 
readable discussion on the complicated study of 
dietetics. Nell Heaton, a well-known writer of 
works on food and cookery, has contributed the 
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third part, ‘‘ Cooking for the sick and convalescent 
In it, she has given an admirable collection 
recipes for those on diets, and they are grou; 
round each food that may be used. Short gene 
notes on the dietetic value of these foods are a 
given. The method of presentation of recipes is 
example to all writers of cookery books for its clar 
and yet brevity. 

M. M. & 


Cleft Lip and Palate 


W. G. Holdsworth. London: William He 
mann Medical Books Ltd., 1951. xi 
pages ; 87 figures. 26 x 19 cm. £1 15s. 


This book presents the subject of cleft lip 
palate in an admirable fashion, and Sir Har 
Gillies introduces it by an apt foreword. 

Chapter I is devoted to a detailed anator 
description of the parts and chapter II to t 
development. Descriptions of the types of < 
are given in chapter III. The sections on met 
of treatment will prove most valuable to surge 
embarking on this field; the diagrams are clear 
most instructive. There is a useful chapter 
secondary operations, and the final chapters 
nursing care and anaesthesia are well written. 

The book is well balanced and will prove us 
both to the surgeon for reference and to the trai 
for detailed instruction. It can be highly rec 
mended and the author and publisher deserve 
complimented on an admirable production. 


A. B. Walla: 


The Physician as Man of Letter 
Science and Action 


Thomas Kirkpatrick Monro. 2nded. Edinburg 
E. & S. Livingstone Ltd., 1951. viii + 2 
pages. 22 x 15 cm. £1 1s. 


The Ist edition of this useful handbook appe 
in 1933. It has now been considerably enlar 
and completely revised. Wisely, it still excludes 
living medical men but there are many noted | 
who have died very recently, for example, Hé« 
de Vere Stacpoole, the author of the Blue lag 
His name is wrongly spelt in the index, but thro: 
out there are very few errors or misprints. 

All the biographical notes are necessarily « 
densed but they are readable and they include ‘h 
main facts about an unusual variety of doctor 
Among the poets there are all the familiar nar 
Blizard, Robert Bridges, Campion, Samuel Ga 
and so on, and a number that are less well knc 
Sadly, from all points of view, O. H. Mavor is : 
listed among departed doctor-dramatists. Ur: 
** Fiction and general literature ” places have | 
to be found for George Warwick Deeping 
Sidney Herbert Daukes whose Cuckoo in H: 
street delighted many readers. And Rici 
Austin Freeman is noted and given much n 
space than Harry Roberts. 

Few doctors achieved distinction as philosop 
or clerics, and the roll of ambassadors and gover 
is quickly called, but there were many who m* 
contributions to science and invention. There 
least a yard-arm of doctor-pirates and along:id 
them, very properly, are more doctors as crimi 
than were ever explorers or soldiers. 

There is a lot of enjoyment and interest in 
book, and it ought to find a place on the shelv« 
anyone who is interested in medical history. 
when Dr Monro gets around to a 3rd edition h 
should persuade his publishers to use the sec 
title rather than the title of the book as a runmng 
headline for each page. 
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Essentials of Neurosurgery 


Leslie C. Oliver. London: H. K. Lewis & Co. 
Ltd., 1952. viii +198 pages; 50 figures. 
22» 14cm. £1 5s. 

Written by the neurosurgeon to two London 
10spitals—the West End Hospital for Nervous 
Diseases, and the Royal Northern Hospital—for 
students preparing for higher surgical examinations 
ind for neurosurgeons in training, this attractive 
small book fills a gap in British surgical literature, 
and the interest of the subject, and clear and concise 
manner of treatment, will commend it to the non- 
specialist. Dr J. G. Murdoch and Dr T. B. L. 
Roberts contribute the chapter on anaesthesia for 
ntracranial operations, and, beyond the limits 
mplied in the title of the book, Mr Oliver deals with 
the surgical treatment of Parkinsonism, a subject in 
which he is particularly interested. The surgery of 
the autonomic nervous system and peripheral nerves, 
being outside the exclusive terrain of the neuro- 
surgeon, is not considered in this well-illustrated 


textbook. 
$8... 


The British Pharmaceutical Codex 
1949 : Supplement, 1952 


* Pharmaceutical Society of Great Britain. London : 
Pharmaceutical Press, 1952. xii + 148 pages. 
23 x 15cm. £1 5s. 


To give some idea of the value of this Supplement 


New Editions 


Modern Dietary Treatment 


Margery Abrahams & Elsie M. Widdowson. 3rd 
ed. London: Bailligre, Tindall & Cox, 1951. 
vii + 355 pages ; 1 figure. 21 x 14cm. £1 1s. 


The shortage of food during the Second World 
War made it necessary to consider the nutritional 
value of every ounce imported into Great Britain. 
By the use of all the available knowledge the general 
level of health was actually improved. Since the 
2nd edition of this book was published in 1940 there 
have, therefore, been many changes in the science of 
nutrition which have necessitated extensive revision 
of the text and additions to it. 

The book covers the theory of medical dietetics, 
gives actual recipes, and includes tables on the 
chemical composition of food. Many dieticians in 
teaching hospitals have been consulted in its prepara- 
tion and Miss Mary Spargo has revised the sample 
diets for various disorders. 


Recent Advances in Medicine : Clinical, 
Laboratory, Therapeutic 
G. E. Beaumont & E. C. Dodds. 13th ed. London: 


J. & A. Churchill Led., 1952. xv +4 
59 figures. 21 x 14cm. £1 7s. 6d. 


The Recent Advances Series presents another 
greatly revised text. The size of the book has not 
been increased in this 13th edition, and certain 
chapters and sections have been entirely omitted 
to make room for new ones on the collagen diseases, 
the antihistamines, and the use of isotopes in 
medicine. A wide range of subjects is covered in 
200 pages of new material. The chapter on the 
cardiovascular system now includes sections on uni- 


397 pages ; 
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it may be noted that in Part I, ‘‘ General mono- 
graphs ”, there are 36 additional items, of which 22 
have not previously been included in the British 
Pharmacopoeia, in its Addendum or in the British 
Pharmaceutical Codex. In Parts II and III some 
monographs have been amended to conform to the 
alterations in the British Pharmacopoeia. New 
monographs on surgical dressings have been added 
to Part V, and in Part VI, “* Formulary ”’, a number 
of new formulae for substances added to Part I of 
the Supplement has been included. 

The British Pharmaceutical Codex, 1949, was 
reviewed in British Medical Bulletin, 1950, Vol. 7, 
p. 103. 


Law Relating to 
Kindred Institutions : 
1949 (Second) Edition 
S. R. Speller. London: H. K. Lewis & Co. Ltd., 

1951. viii + 87 pages. 22 x 14cm. 12s. 6d. 
This Supplement has been written in order to 
bring up to date the 2nd edition of Law relating to 
hospita's and kindred institutions (1949) (reviewed 
in British Medical Bulletin, 1951, Vol. 7, p. 227), and 
it is intended for use only in conjunction with the 
main work. A few new subjects, however, are dealt 


Hospitals and 
Supplement to 


polar lead electrocardiography, cardiac catheteriza- 
tion and the use of methonium salts and of a rice diet 
in hypertension. 

The 12th edition was reviewed in British Medical 
Bulletin, 1948, Vol. 5, p. 410. 


The Tissues of the Body: an Intro- 
duction to the Study of Anatomy 


W. E. Le Gros Clark. 3rd ed. London: 
Geoffrey CumLerlege, 1952. xi + 407 pages ; 
124 figures. 24 x 16 cm. £1 10s. 


In this book, Professor Le Gros Clark has re- 
arranged and amplified the lectures dealing with the 
general problems of the organization of living 
tissues, with which he introduces his course in 
anatomy at the University of Oxford. His aim is to 
provide a textbook on fundamental principles of 
anatomy, with special reference to the application of 
experimental methods in the study of structural 
organization. This stimulating work, which 
includes, besides the elementary knowledge required 
by the student, reference to problems at present 
engaging the attention of scientists, has now been 
partially rewritten to incorporate the more significant 
advances of the last seven years in anatomical 
science. Newillustrations have been added to a fine 
production. 

The 2nd edition was reviewed in British Medical 
Bulletin, 1946, Vol. 4, p. 66. 


The Queen Charlotte’s Text-Book of 
Obstetrics 


G. F. Gibberd et al. 8th ed. London: J. & A. 
Churchill Led., 1952. xi+ 532 pages; 4 
plates ; 273 figures. 24 x 15cm. £1 17s. 6d. 
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with in the Supplemeng : for example, licensing and 
insurance of hospital motor vehicles, cinemato- 
graphs in hospitals, and area nursing-training com- 
mittees. An index is included. 


A Synopsis of Neurology 


W. F. Tissington Tatlow, J. Amor Ardis & J. A. R- 
Bickford. Bristol: John Wright & Sons Ltd.” 
1952. 19 x13 cm. £1 10s. 


This further volume in John Wright’s Synopsis 
Series, with its variations in type and short, well- 
indented paragraphs, is intended not as a substitute 
for the neurological textbooks but as a guide to 
students revising for the qualifying and higher 
examinations. The busy practitioner also will turn 
for quick reference to this concise synopsis, with its 
clear diagrams. It falls approximately into two 
equal parts: Drs Ardis and Bickford, both Senior 
Registrars in Psychiatry, contribute the first, on 
neuro-anatomy, and Dr Tatlow, Medical Registrar, 
Maida Vale Hospital for Nervous Diseases, London, 
the second, on neurology. Three specialists add 
the sections on the electroencephalogram, the 
pathology of cerebral tumours, and the radiological 
diagnosis of spinal cord and cerebral tumours. 

H. C. 


In the latest edition of this well-known work the 
text has been thoroughly revised and the chapters 
have been co-ordinated. The opinions expressed 
and the treatments described are those now taught 
in Queen Charlotte’s Hospital. Modern physio- 
logical knowledge has been properly emphasized in 
the section on anatomy and physiology. Rewritten 
chapters include those on toxaemia and medical 
disorders of pregnancy ; and that on psychiatry in 
relation to reproduction has been rewritten by a 
new contributor, Dr G. W. B. James. The under- 
graduate has been presented with a more orthodox 
classification of the causes of delay in labour, in the 
re-arrangement of the section on abnormal labour. 

The 7th edition was noticed ir. British Medical 
Bulletin, 1949, Vol. 6, p. 128. 


Diseases of the Nosé, Throat and 
Ear: a Handbook for Students and 
Practitioners 


1. Simson Hall. Sth ed. Edinburgh: E. & S- 
Livingstone Ltd., 1952. xii + 463 pages ; 
8 plates ; 82 figures. 19 x 13cm. 18s. 


This concise textbook, now revised to include 
recently accepted methods of treatment, is designed 
to assist the busy practitioner ; thus, symptoms and 
treatment of the commoner complaints are fully 
discussed and stress is placed on minor technical 
procedures, while reference only is made to the more 
obscure conditions and to surgery. Lectures given 
to graduates and medical students in the Royal 
Infirmary, Edinburgh, form the basis of the manual, 
the practical usefulness of which is much enhanced 
by ample and clear illustrations. 

The 4th edition was noticed in British Medical 
Bulletin, 1948, Vol. 5, p. 413. 





A Practical Handbook of Mid- 
wifery and Gynaecology, for Students 
and Practitioners 


W. F. T. Haultain & Clifford Kennedy. 4th ed. 
Edinburgh: E. & S. Livingstone Ltd., 1952. 
x + 412 pages ; 3 plates ; 47 figures. 22 x 14 
cm. £1 4s. 


A thorough revision of this textbook has been 
required owing to the changes in midwifery and 
gynaccology that have occurred since the 3rd edition 
was published in 1946. Sections on placenta praevia, 
delayed labour, venous thrombosis and dysmenor- 
rhoea have been entirely rewritten. Dr J. L. 
Henderson has rewritten the section on the infant, 
Miss M. Murrell, F.R.C.S.E., that on venereology, 
and Dr R. A. P. Cumming has contributed a new 
short section on the Rh factor in midwifery. 

The 3rd edition was reviewed in British Medical 
Bulletin, 1947, Vol. 4, p. 433. 


Introduction to Clinical Neurology 


Gordon Holmes. 2nd ed. Edinburgh: E. & S. 
Livingstone Ltd., 1952. vii +189 pages ; 
43 figures. 25 x 15 cm. 12s. 6d. 


This introduction to the study of disorders of the 
nervous system has been little altered in its 2nd 
edition. Increased knowledge of the functions of 
separate parts of the nervous system has led to 
additions being made to certain sect:ons, as in the 
chapter on the functional organization of the higher 
levels of the motor system. More space has also 
been allotted to subjects such as the hypothalamus, 
which are assuming more importance in neurology. 

The Ist edition was reviewed in British Medical 
Bulletin, 1947, Vol. 5, p. 91. 


Some Common Psychosomatic Mani- 
festations 


J. Barrie Murray. 2nd ed. London: Geoffrey 
Cumberlege, 1951. xi + 285 pages. 19 x 13 
cm. 17s. 6d. 


That a 2nd edition of this work has been called 
for within two years of publication of the Ist has 
encouraged the author to enlarge the text. A new 
chapter has been added on rheumatic infections of 
psychogenic origin, into which has been incorporated 
the description of the “‘ low back syndrome ” that 
appeared in the Ist edition. One-third of the book 
is taken up with a new chapter on coalminers’ 
nystagmus, in which are given the results and con- 
clusions of the author’s examination of 100 cases. 

The Ist edition was reviewed in British Medical 
Bulletin, 1946, Vol. 6, p. 133. 


Diseases of the Heart and Circulation 


Albert A. Fitzgerald Peel. 2nd ed. London: 
Geoffrey Cumberlege, 1952. xxiii + 472 pages ; 
91 illustrations. 22 x 14cm. £1 15s. 


Since the Ist edition of this work was published 
in 1947 there have been important advances in the 
diagnosis and treatment of cardiovascular disease. 
The principles underlying the techniques of auri- 
cular catheterization, phonocardiography and angio- 
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cardiography, and the use of multiple unipolar chest 
leads, are here briefly described, and the know- 
ledge gained by these methods has been incorporated 
throughout the text. Although much new material 
has been introduced the main plan of the book 
remains unchanged, and it is hoped that its 
usefulness to students and practitioners will be 
maintained. 

The Ist edition was noticed in British Medica. 
Bulletin, 1949, Vol. 6, p. 134. 


A Clinical Atlas of Blood Diseases 


A. Piney. 7th ed. London: J. & A. Churchill 
Ltd., 1952. viii + 136 pages ; 48 illustrations. 
21 x 14cm. £1 1s. 


During the 20 years of its publication the style of 
this clinical atlas has remained unaltered, although 
some re-arrangement in presentation has been made 
in this 7th edition. Its practical character is’ 
retained ; clinical, haematological and pathological 
descriptions are condensed and lucidly presented to 
meet the needs of senior students and to recall the 
essentials of haematology to general practitioners. 
Dr Piney has revised the text, incorporating ad- 
vances in diagnosis and treatment, and introducing 
recent nomenclature. New plates are added to this 
small volume, which is well adapted to its purpose. 

The 6ih edition was reviewed in British Medical 
Builetin, 1945, Vol. 3, p. 154. 


The Diagnosis of Nervous Diseases 


James Purves-Stewart & C. Worster-Drought. 
10th ed. London: Edward Arnold & Co., 
1952. ix + 962 pages; 1 plate ; 388 figures. 
22 x 15cm. £2 10s. 


Dr Worster-Drought, at the request of the senior 
author, has undertaken the revision of this work, 
long recognized as a guide to students and practi- 
tioners interested in clinical neurology. The 
advances made during the past seven years in this 
rapidly progressive subject have been incorporated 
in the text. Consequently, some chapters, as well 
as numerous sections, have been entirely rewritten, 
other sections have been amplified and several new 
photographs replace old illustrations. 

The 9th edition was reviewed in British Medical 
Bulletin, 1946, Vol. 4, p. 68. 


A Synopsis of Hygiene (Jameson and 
Parkinson) 


Liywelyn Roberts, assisted by Kathleen M. Shaw. 
10th ed. London : J. & A. Churchill Led., 1952. 
viii + 891 pages ; 11 illustrations. 23 x 15cm. 
£2 2s. 


Dr Llywelyn Roberts has undertaken the editing 
and revision of the 10th edition of this well-known 
synopsis. He has been assisted by Miss Kathleen 
Shaw, of the London School of Hygiene and Tropical 
Medicine, thus preserving the association with the 
School established by Sir Wilson Jameson and 
Lt.-Col. Parkinson. The main lines laid down by 
these original authors have been followed but a 
large amount of new material has been incorporated, 


particularly the sections dealing with the mass 
legislation that has recently been enacted. 

The 9th edition was reviewed in British Med 
Bulletin, 1948, Vol. 5, p. 416. 


Textbook of Gynaecology 


Wilfred Shaw. 6th ed. London: J. & 
Churchill, 1952. vii +- 672 pages; 4 plate 
304 figures. 23 x 15cm. £1 7s. 6d. 


In the 6th edition of this textbook, which 
intended for students preparing for final exami 
tions, reference has been made to the most import 
advances in gynaecology. As the 5th edition w 
very extensively revised in 1948, the author has n 
thought it advisable to make further drastic chance 
so soon. As he says, it is increasingly difficult 
choose, from the new work that is publish 
material suitable for a textbook of this kind. 
large number of new illustrations have, howe, 
been included. 

The 4th edition was reviewed in British Med 
Bulletin, 1945, Vol. 3, p. 201. 


Biochemistry for Medical Students 


William Veale Thorpe. Sth ed. London: | 
A. Churchill Led., 1952. viii + 528 page 
41 illustrations. 21 x 14 cm. £1 2s. 6d 


Outstanding among recent advances made 
biochemistry during the last few years has been 
establishment of the tricarboxylic acid cycle 
Krebs. This has necessitated the rewriting, in t 
5th edition of this work, the chapters on me 
bolism. The sections on enzymes, vitamins and 
hormones have been modified. The.table on t 
amino-acid constant of proteins has been made more 
complete and tables on the vitamin content of fo 
have been completely revised. The use of isotoy 
in biochemical investigation has increased great!) 
and examples have been described in appropriate 
sections of the text. References to these sections 
have been listed in the chapter dealing with isotopic 
investigation. A bibliography of over 100 references 
to the literature is included for those who wish to 
read further. 


Diseases of the Nervous System, 
Described for Practitioners and Studen‘s 
F. M. R. Walshe. 7th ed. Edinburgh: E. & 5. 


Livingstone Ltd., 1952. xvi + 36S pages; ‘ 
figures. 25x 16cm. £1 4s. 


This book was originally written as a selective 
presentation of neurology for students and practi 
tioners, not as a comprehensive manual. The book 
has not been lengthened in this new edition and 1» 
inclusion of new matter has meant that some of t! 
old has been omitted. The 7th edition contains 1 
sections on demyelination, the aetiology « 
pathology of disseminated sclerosis, encepha! 
and encephalopathy, the association of immuniz 
inoculations with the appearance and site of pz: 
lysis in acute poliomyelitis, intracranial haematoma 
epilepsy, and various aspects of treatment. 

The 6th edition was noticed in British Medical 
Bulletin, 1950, Vol. 7, p. 124. 
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FILMS 


Films 


Cardiac Output in Man 


made by the I.C.I. Film Panel, in collaboration with the staff of the 
Department of Medicine, Postgraduate Medical School of London, 
under the supervision of Professor John McMichael, for Imperial 
Chemical Industries Ltd.; obtainable from Imperial Chemical 
Industries Ltd., Film Library, 61 Curzon Street, London, W. 1 ; 
available in 16 mm. sound ; Technicolour ; 38 minutes 


Films are especially useful in medical teaching for the exhibition 
of specialized techniques which, because of their difficulty or because 
of cost and complexity of the apparatus involved, cannot be 
generally demonstrated to classes. Moreover, it is impossible for 
large audiences really to see what is going on in the course of an 
experiment if a close-up view cannot be had. 

For all these reasons it is not normally possible for classes in 
physiology or in experimental medicine to get a proper appreciation 
of the technique of catheterization of the vascular system, which has 
acquired such importance in recent years. This film, therefore, 
should prove to be exceptionally valuable from every point of view. 

The problem of the cardiac output has exercised the minds of 
physiologists ever since the discovery of the circulation of the 
blood, but it has been solved only within the memory of those still 
living. Various methods have been used in the course of the 
inquiry, but they nearly all depend upon the determination of the 
blood flow through the lungs, and especially upon the application 
of the Fick principle. This principle depends on the addition to, or 
removal from, the blood leaving the right side of the heart, of a 
known amount of some measurable substance, and the estimation, 
in the blood of the left side, of the altered concentration of that 
substance. The substance used for the purpose in question is 
generally oxygen, added during the transit of the blood through the 
lungs, the amount being measured as the respiratory intake. The 
other data needed are the oxygen contents of the blood on the two 
sides of the heart respectively ; and a simple calculation tells us 
how much blood must have traversed the lungs in unit time for the 
observed difference of oxygen in the two bloods to have resulted 
from the measured oxygen intake. 

The method has long been known and utilized by physiologists, 
but it sounds hazardous, on the face of it, to pass flexible catheters 
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into the right ventricle in man. This was first carried out in 1929 
by Forssmann, on himself ; he appears in the film and explains 
how he did it. The event has shown that, as performed under the 
modern conditions evolved by Cournand & Ranges' in 1941, the 
experiment is a perfectly safe one, even when the subject is suffering 
from a cardiac complaint. 

On the screen we are able to see all the details of this technique, 
and it is a most fascinating one to watch. First we see the deter- 
mination of the oxygen intake per minute by the use of the spiro- 
meter, as in the determination of the basal metabolic rate. Then 
the technique for sampling the blood from the right ventricle is 
shown. We see the passage of the long flexible catheter into the 
vein at the elbow, and then on until, as checked by x-ray observation, 
it is seen to enter the right ventricle, from which the sample is drawn. 

Next, we see the method of analysis of the blood for oxygen 
content in a Haldane blood-gas apparatus. This part of the film is 
rather slow going, and could well have been shortened somewhat, 
as the method is well known. The sample of left ventricle blood is 
drawn from an artery by arterial puncture, which is also well shown, 
and this sample is similarly analyzed. The simple calculation of the 
cardiac output then follows. 

There is then interpolated a part of the film which would pro- 
bably have come more logically at the end, since it is concerned not 
with cardiac output, but with the pressures in the right auricle and 
ventricle, the former measured by the use of a saline manometer, 
the latter with a strain gauge. Pressures in the pulmonary artery 
can also be recorded, and these pressures all are valuable in the 
interpretation of disorders of function. 

The film ends with an impressive demonstration of the methods 
used in the determination of the cardiac output by the Hamilton 
dye technique, which gives also the mean circulation time and the 
intrathoracic blood volume ; since this method does not involve 
cardiac catheterization it can be repeated at appropriate intervals, 
and it gives results on cardiac volume identical with those of the 
catheterization technique, without which it could not have been 
worked out satisfactorily. 

The film as a whole is a fascinating one, the photography is 
excellent, and the commentary clear and adequate. Everyone 
concerned with it is to be heartily congratulated on an artistic and 
valuable contribution. 


Charles Lovatt Evans 


* Cournand, A. & Ranges, H. A. (1941) Proc. Soc. exp. Biol. 46, 462 
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